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Abstract 
BACKROUND: The population of the Arab World is about 300 million and the Arabic 
language is one of the six official languages of the United Nations. As with the rest of 
the world, degenerative neurological conditions represent a major health problem in 
regions such as the Middle-East where Arab people are in the majority. However, 
clinical neuropsychology is still in its infancy in this region. Very few tools for the 
assessment of cognition have been developed for use with Arabic speakers in the 
Middle-East region. The Addenbrooke's Cognitive Examination – Revised is a brief 
cognitive assessment tool that has been well validated in its original English version 
as well as a number of other languages, but never been adapted for use with Arabic 
speakers. An important issue for the assessment of cognition in this region is the high 
level of illiteracy, particularly in older adults, making the development of tools that can 
be used with both literate and illiterate participants a priority. 
OBJECTIVES: The studies presented in this thesis involved the translation, 
adaptation and validation of an Arabic Addenbrookes Cognitive Examination- 
Revised (ACE-R) and involved data collection from both literate and iliterate 
participants.  
METHODS: The ACE-R was translated into Arabic and the process is described in 
Chapter 2. Critical to the process was the cultural adaption of the test items. Three 
parallel versions were developed. Data was collected from four participant samples, 
recruited in Riyadh, Saudi Arabia: (1) Healthy literate (N= 147); (2) Healthy illiterate 
(N= 283); (3) Literate with a diagnosis of Alzheimer’s disease (AD) or Mild Cognitive 
Impairment (MCI) (N= 54); (4) Illiterate with a diagnosis of AD or MCI (N= 169). 
Chapter 3 presents a study of the validity of the Arabic ACE-R in literate participants. 
Receiver operating curve (ROC) analyses were undertaken to determine the 
sensitivity and specificity of the Arabic ACE-R to MCI/dementia, as well as positive 
and negative predictive values. Optimal cut-off scores were determined. Chapter 4 
presents a study of the reliability of the Arabic ACE-R with literate participants. 
Parallel forms of the Arabic ACE-R were administered on two occasions separated 
by approximately one week. Test-retest and internal reliability (Cronbach’s alpha) 
were examined. A version of the test was developed for use with non-literate 
participants and Chapter 5 presents a study of its validity with this population. 
Chapter 6 reports a study of the reliability of the tool with non-literate participants. 
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Chapter 7 reports normative data for the Arabic ACE-R, identifying fifth percentile 
cut-off points.   
RESULTS: Literate participants: Amongst healthy controls Arabic ACE-R data were 
not normally distributed, hence non-parametric statistics used in analyses. Amongst 
healthy controls age was correlated with Arabic ACE-R performance (rho = -0.568, 
p<0.0001) and level of education was also correlated with Arabic ACE-R 
performance (rho = 0.559, p<0.0001). As there was a significant difference in age 
between healthy controls and patient groups, groups were matched for age by 
removal of young controls and participants also examined in three age bands. 
Groups were matched for level of education. There were significant differences 
between each of the three groups examined – Mild Cognitive Impairment, Dementia 
of the Alzheimer’s type and healthy controls. As the MCI group was small, Receiver 
Operating Curve (ROC) analyses were conducted on the combined MCI/DAT group 
compared with the healthy control group. Levels of sensitivity/specificity were high. 
For a cut-off point of 70, sensitivity was 1.000 and specificity was 0.946. The positive 
and negative predictive values (PPV and NPV) were also high, particular for base 
rates that are likely to be closer to those found in clinical practice. For literate 
participants, internal reliability was high (Cronbach’s alpha, 0.932) as was total score 
test-retest reliability (rho=0.944). Individual subscale reliability ranged from rho=0.685 
(Fluency) to rho=0.865 (Memory). 
Illiterate participants: Amongst healthy controls Arabic ACE-R data was not 
normally distributed, hence non-parametric statistics were used again. Amongst 
healthy controls age was correlated with Arabic ACE-R performance (rho = -286, 
p<0.001). As there was a significant difference in age between healthy controls and 
patient groups, groups were matched for age by removal of young controls and 
participants were also examined in three age bands. At a group level the data 
showed that there was a significant difference going from healthy to MCI and from 
MCI to DAT groups. ROC analyses showed that the Arabic ACE-R distinguished well 
between the healthy controls and patients with a diagnosis of either MCI or DAT. The 
optimum cut-off point on the Arabic ACE-R (65) had good sensitivity and specificity. 
Internal reliability was also high (Cronbach’s alpha, 0.987) as was total score test-
retest reliability (rho=0.916), with individual sub-scale scores ranging from rho=0.647 
(Language) to 0.861 (visuo-spatial).  
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Analysis of normative data indicated the cut-off scores based on fifth percentile point  
results in somewhat higher cut-off points that those derived from ROC analyses, 
particularly for the younger literate participants. Potential reasons for these 
differences are discussed.  
CONCLUSION: The Arabic ACE-R shows good sensitivity and specificity in the 
detection of patients with a clinical diagnosis of either AD or MCI. This appears to be 
the case for both literate and illiterate participants. The Arabic ACE-R (Illiterate 
version) was straightforward to administer with just four tasks being omitted. This 
study only compared healthy controls and patients with clear evidence of 
dementia/MCI (and only small numbers of MCI).  Because of the strong tradition of 
caring for older adults within families, and stigma associated with mental health 
problems, people with dementia are typically not referred to a doctor until the 
condition appears very clearly. Further research is needed to examine participants in 
earlier stages of disease and also participants with psychological/mood disorder. 
The Arabic ACE-R appears to be a reliable instrument for the assessment of 
cognitive impairment that may be arising from a degenerative neurological condition 
for both literate and illiterate participants. 
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Chapter 1: Introduction, Literature Review and Aims 
of the Thesis 
 
1.1 Introduction 
This thesis is concerned with the adaptation of a neuropsychological examination 
tool for the assessment of dementia in Arabic speakers, with a particular focus on 
application in Saudi Arabia. The thesis begins with an introduction to the relevant 
literature. A brief history of the historical background to our current understanding of 
dementia is provided, followed by an account of current definitions of the broad 
construct of dementia. A description of Alzheimer’s disease, the most common form 
of dementia, is provided along with a brief account of the other main types of 
dementia. The defining feature of dementia is impairment of cognitive functioning, 
and in particular memory, though different forms of dementia present with different 
patterns of impairment in various cognitive domains. The importance of 
neuropsychological assessment in both diagnosis of dementia and differential 
diagnosis of different forms of dementia will be highlighted. A number of brief 
cognitive examination tools have been developed over the years for the purpose of 
detecting the presence of cognitive deficits and have been employed in the process 
of diagnosis of dementia. One tool that has emerged recently which has proved to 
be useful in the assessment of dementia is the Addenbrooke's Cognitive 
Examination. This tool will be described and a critical appraisal of the evidence for 
its use in dementia assessment provided. The revised version of the Addenbrooke's 
Cognitive Examination (ACE-R) has been translated into a number of different 
languages, but to date there has not been an Arabic version. Arabic is the official 
language of 26 countries and is the native language of more than 300 million people 
worldwide (Lewis, 2009). However, there has been little in the way of development 
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of neuropsychological assessment tools that are linguistically and culturally relevant 
to Arabic speaking countries. A particular challenge for many countries in the Arabic 
speaking world is high levels of illiteracy. The current stage of development of 
neuropsychology in Saudi Arabia will be described. The need for the adaptation and 
development of neuropsychological assessment tools for application in the Arabic-
speaking cultural context of Saudi Arabia will be highlighted and in particular the 
issue and challenges of developing tests that can be used with people who are 
illiterate will be discussed.  
1.2 Dementia 
1.2.1 Historical Background  
The word dementia comes from the Latin demens meaning 'without a mind'. 
References to dementia can be found in Roman medical texts and in the 
philosophical works of Cicero (Cummings and Benson, 1992). The term dementia 
was first used in clinical practice in the eighteenth century by Pinel and Esquirol 
(Berchtold & Cotman, 1998).  
In the French Revolution dementia became enshrined in law through Article 10 of 
the Napoleonic Code 1808: 'There is no crime when the accused is in a state of 
dementia at the time of the alleged act' (Berrios, 1996). In 1863, Marce described 
the shrinkage or cortical atrophy, the enlargement of ventricles and "softening" of 
the brain being associated with dementia (Berrios, 1996). 
In 1882, Arnold Pick described cases of cognitive deterioration, notably in language, 
associated with focal brain atrophy or circumscribed to the temporal and frontal 
lobes. In 1911, Dr. Alois Alzheimer described the senile plaques and neurofibrillary 
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
4 
 
tangles, that are common to the brains of people with Alzheimer's type dementia 
(Rossor, 2001).  
1.2.2 Definition and Classification 
The Pocket Oxford Dictionary of Current English defines dementia as a chronic or 
persistent disorder of the mental processes caused by brain disease or injury and 
marked by memory disorders, personality changes, and impaired reasoning (Oxford 
Dictionaries,  2008). 
There are three commonly used diagnostic classification systems relevant to 
dementia; the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition 
(DSM-IV; American Psychiatric Association, 1994); the International Classification 
of Diseases – 10th Edition (ICD-10; World Health Organisation, 1992); and the 
National Institute of Neurologic, Communicative Disorders and Stroke - Alzheimer’s 
Disease and related Disorders Association (NINCDS-ADARDA) (McKhann et al., 
1984).  
Both the DSM-IV (and the updated version, DSM-IV-TR, APA, 2000) and the ICD-
10 classification systems provide general definitions of dementia before defining a 
number of specific forms of dementia. For example DSM-IV-TR (APA, 2000) defines 
the essential feature of dementia as ‘the development of multiple cognitive deficits 
that include memory impairment and at least one of the following cognitive 
disturbances: aphasia, apraxia, agnosia, or a disturbance in executive functioning; 
(p148). The criteria also requires that the deficits be sufficiently severe to cause 
impairment in occupational or social functioning and must represent a decline from 
a previously higher level of functioning. The deficits must not occur exclusively 
during the course of a delirium. DSM IV criteria have been found to have adequate 
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reliability in relation making the diagnosis of dementia (Knopman et al., 2001; APA, 
1994).  
In ICD 10, the primary requirement for diagnosis is evidence of a decline in both 
memory and other cognitive abilities characterized by deterioration in judgement 
and thinking, such as planning and organizing, and in the general processing of 
information that is sufficient to impair personal activities of daily living. As with DSM-
IV, various forms of dementia are then defined.  
The NINCDS-ADARDA definitions are primarily related to the diagnosis of 
Alzheimer’s disease and are discussed later.  
1.2.3 Epidemiology and Burden 
Dementia imposes a significant burden on caregivers, family, medical and social 
services, and the community at large. About 24 million persons around the world 
suffer from dementia and this number is expected to double every 20 years (Ferri, 
2006)  
The World Health Organisation (WHO) stated in Version 2 Estimates for the Global 
Burden of Disease 2000 study, published in the World Health Report 2002 (WHO, 
2002), that dementia is the 11th leading cause of years lost due to disabilities 
(YLDs) at a global level, accounting for 2.0% of total global YLDs. Dementia is 
noted to be difficult to define and detect in the population, but it is clear that 
dementia causes a substantial burden globally. The burden of dementia affects 
patients, caregivers, and societies. The report stated that two-thirds of people with 
dementia live in lower and middle income countries. It appears that across the world 
there is a problem of under-diagnosis. It was further noted that even in affluent 
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countries such as Switzerland only 1/3 of the people with dementia receive a 
diagnosis.  
According to the 2003 World Health Report Global Burden of Disease estimated, 
dementia contributed 11.2% of all years lived with disability among people aged 60 
and over; more than stroke (9.5%), musculoskeletal disorders (8.9%), 
cardiovascular disease (5.0%) and all forms of cancer (2.4%). 
In the United Kingdom, a report into the prevalence and cost of dementia prepared 
by the Personal Social Services Research Unit (PSSRU) at the London School of 
Economics and the Institute of Psychiatry at King’s College London, (Alzheimer’s 
Society, 2007) estimated that there were 683,597 people with dementia in the 
United Kingdom. This represented one person in every 88 (1.1%) of the entire UK 
population. This percentage was expected to increase by 38% over the next 15 
years and 154% over the next 45 years. Total costs amounted to £17.03 billion, or 
an average of £25,472 per person with late-onset dementia.  
Data on the prevalence of dementia in the Arab world are limited, but a study by 
Bowirrat et al. (2001) examined prevalence of, and risk factors for, dementia in an 
elderly Arab population in Israel. Bowirrat et al. found that in a rural community 
sample of 821 people over the age of 60, the prevalence of dementia of the 
Alzheimer’s type (DAT) was 20.5%, with rates sharply increasing with age. This rate 
is much higher than estimates of prevalence in Western populations and 3.9 times 
higher than in a non-Arab population sampled in the same region (Bowirrat 2001, 
p121; Korczyn et al 1991; 1998). In addition to simple prevalence, Bowirrat et al. 
also examined the relationship between educational status and the development of 
dementia given the high rates of illiteracy in this population. Prevalence of DAT was 
found to be very much higher amongst illiterate participants (27% in illiterate vs 4% 
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
7 
 
in literate participants). Whilst the specific nature of the relationship between 
illiteracy and dementia is not clear, this highlights the importance of improving 
diagnosis of dementia across the world, but particularly in low and middle income 
countries and in countries with high levels of illiteracy.  
In an unpublished study, involving interviews with 11,000 families across Saudi 
Arabia, it was found that 10.5% of those aged 60 or more were suffering from 
dementia. Life expenses for a demented person exceeded those of healthy elderly 
persons. Families who had a demented member suffered greater socioeconomic 
crises, job loss, divorce, and difficulty in keeping a balance of living expenses for 
their children and the demented member compared to those families without a 
member with dementia (Alabeedy & Aldamigh, 2001) 
1.2.4 Clinical picture 
As noted in relation to diagnostic classification, the core symptom of dementia is 
cognitive impairment. In the most common forms of dementia this will involve 
memory impairment, and in addition impairment of other domains of cognition. 
These cognitive impairments impact upon activities of daily living (ADL) with 
different aspects of ADL being affected depending upon the nature of the specific 
cognitive impairment. This can range, in the early stages of dementia, from simple 
forgetfulness leading to difficulties remembering to do things, through in the later 
stages to an inability to recognize relatives, difficulty with dressing and self care, 
and difficulty finding one’s way around familiar environments. Eventually, 
disorientation in time place, and person becomes obvious during the later stages 
(Gelder et al. 2000). 
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Behavioural change as described by Goldstein (1975) may be in the form of lack of 
interests “shrinkage of the milieu”, insisting on routine “organic orderliness”, 
outbursts of anger, or a “catastrophic reaction” when the patient fails to cope or deal 
with a given situation because of his or her limited abilities. It has been found that 
60% of patients with dementia in the community and 80% of those in nursing homes 
develop neuropsychiatric symptoms (Jeste, et al., 2008). 
These neuropsychiatric symptoms adversely affect quality of life and significant 
caregiver burden (Jeste, et al., 2008; Salzman, et al., 2008; Rabins, et al., 2007). 
The onset of these signs and symptoms may be associated with a change in the 
surrounding environment of the patient e.g. moving house. Patients are usually 
brought to treatment by their relatives or caregivers (Brodaty, 1990). 
1.2.5 Aetiology  
Causes of dementia can be categorised in various groups; degenerative  
(Alzheimer's, Pick's, Huntington's, Parkinson's, normal pressure hydrocephalus), 
metabolic (vital organs failure), vascular (occlusion of macro and/or micro cranial 
arteries) nutritional (B1, B12, nicotinic acid deficiency), traumatic (head injury & 
repeated head trauma), drug intoxication and withdrawal (alcohol, anxiolytics-
hypnotics), systemic and intracranial infections (septicaemia, HIV, cerebral malaria, 
encephalitis, meningitis).  
This thesis will be primarily concerned with assessment of dementia in the context 
of degenerative disease and more specifically in relation to diagnosis of the most 
common form of dementia, Alzheimer’s disease.  In the following section the main 
forms of degenerative diseases leading to cognitive impairment and eventually 
dementia will be briefly described. There is a range of conditions that may cause 
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dementia in combination with a range of other symptoms, particularly motor or other 
physical symptoms. These conditions include Parkinson’s disease, Huntington’s 
disease, motor-neurone disease, cortico-basal degeneration, progressive supra-
nuclear palsy, Creutzfeldt-Jakob disease and HIV-AIDS.  However, this introduction 
will focus on those conditions where cognitive impairment is typically a primary 
presenting symptom, and with a particular emphasis on Mild Cognitive Impairment 
and Alzheimer’s disease.  
1.3 Degenerative diseases leading to cognitive impairment and dementia 
1.3.1. Mild Cognitive Impairment (MCI) 
In general clinical practice the term “mild cognitive impairment” is used to describe a 
mild degree of forgetfulness, not amounting to a dementia state, observed in some 
elderly people. However, it has been found that 19 – 50% of these individuals 
progress to dementia, mainly dementia of the Alzheimer’s type (DAT), within a 
period of three years (Chertkow, 2002).  
There is a general agreement among researchers and clinicians that individuals 
with MCI are considered as neither normal nor demented and subjectively and 
objectively have cognitive deficits (Winblad, et al., 2004; Petersen, 2004).  
In a study by Graham et al., (1997), such individuals were described as having 
“cognitive impairment not dementia” and were subdivided into individuals with age-
related memory impairment and those with cognitive impairments which were first 
manifestations, or prodromal of DAT or other dementias. The latter group is now 
labelled as having “mild cognitive impairment” (Gauthier, et al., 2006). 
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
10 
 
It has been observed that some patients with MCI may stabilize, improve or 
progress to various types of DAT (Panza et al., 2005). A meta analysis (Mitchell & 
Shiri-Feshki, 2009) examining 41 cohort studies that had investigated rates of 
conversion from MCI to dementia found that 32.9% converted (with the period of 
follow up for the included studies) with an annual conversion rate of 9.6%.  
Therefore, MCI is thought of as a transitional or a prodromal stage to DAT for a 
significant proportion of people and there might be a place for therapeutic 
intervention to slow progression or prevention of this disease, highlighting the 
importance of early detection.  
1.3.1.1 Epidemiology 
The prevalence of MCI is found to range from 3% to 53% in different studies 
(Panza, et al., 2005). This wide range of prevalence is likely to be due to lack of 
consensus on criteria for MCI in addition to variations in sensitivity and specificity of 
tests used in screening for such cases. With more strict criteria prevalence is still 
reported to vary from 1% to 14.9% (Mitchell & Shiri-Feshki, 2009). Identified risk 
factors for MCI among individuals over 75 years of age were depressive symptoms, 
increasing age, and less education with incidence rates at 1% - 1.5% annually  
among this population (Barnes, et al., 2006).   
1.3.1.2 Definition and diagnosis 
A workgroup of specialists of the American Academy of Neurology (AAN) published 
in 2001 practice guidelines for the early detection of memory problems and 
identified the following criteria for an MCI diagnosis (Ganguli, et al., 2001): 
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• An individual’s report of his or her own memory problems, preferably 
confirmed by another person  
• Measurable, greater-than-normal memory impairment detected with      
standard memory assessment tests  
• Normal general thinking and reasoning skills  
• Ability to perform normal daily activities  
Petersen et al. (1999) recommended further definition of subdivisions of MCI, e.g. 
when there is a problem of language in the first instance rather than a problem of 
memory this might be a type of mild cognitive impairment that is an early sign of a 
dementia other than Alzheimer’s disease.  
A particular issue in relation to diagnosis/classification may be inconsistency in 
history taking and the possibility that functional impact on activities of daily living 
activities to an extent requiring caregiver help (which in this case would point 
instead to a diagnosis of dementia rather than MCI) is missed (Rosenberg, et al., 
2006). 
A challenge for the diagnosis of MCI is the accurate measurement of cognitive 
impairment. Traditional brief cognitive tools may not be sensitive to mild impairment. 
For example, it has been found that the Mini Mental State Examination (Folstein, et 
al., 1975) is not a sensitive or specific instrument for diagnosis of mild cognitive 
impairment (Loewenstein, et al., 2000). It has been found to be insensitive in early 
AD with amnestic syndrome (Feher, et al. 1992; Greene et al 1996) and fails to 
detect isolated frontal or linguistic impairments in early FTD (Gregory et al 1997; 
Hodges et al 1999). The MMSE also lacks measures of executive ability (Naugle 
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and Kawczak 1989) and is unable to detect language deficits unless they are 
advanced (Feher, et al. 1992).  
Other screening tests for dementia, or more extensive neuropsychological test 
batteries may require trained personnel and specialised equipment to administer 
e.g. the cognitive section (CAMCOG) of the Cambridge Examination for Mental 
Disorders of the Elderly (CAMDEX) (Huppert et al 1995) and the Dementia Rating 
Scale (DRS) (Mattis 1988). These tests are also not suitable for routine bedside 
cognitive evaluation (Mathuranath, et al., 2000).  
In terms of predicting who will convert from MCI to dementia, it has been found that 
specific patterns of baseline neuropsychological test performance (Summers & 
Saunders, 2012), single photon emission computed tomography (SPECT); (Hirao, et 
al., 2005), and also MRI and cerebro-spinal fluid markers (Vos et al., 2012) may 
predict conversion from mild cognitive impairment to AD.  
1.3.1.3 Treatment 
There are no definitive preventive measures or treatments for MCI but it is argued 
that regular follow-up for cognitive assessment may be supportive (Rosenberg, et 
al., 2006) and follow up allows for monitoring for decline and conversion to DAT. 
Regarding pharmacological interventions, in a randomized clinical trial Donepezil 
was found to have a transient preventive effect at 1 year (Petersen and Morris, 
2005) but it is not recommended for routine use (Rosenberg, et al., 2006). However, 
any improvement in predicting the outcome of MCI is important for the management 
and counseling of these patients. 
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1.3.2. Alzheimer’s disease  
1.3.2.1 Clinical presentation 
The core deficit in Alzheimer’s disease, in its typical variant, is an impairment of 
memory characterized by difficulty in remembering new information. This deficit may 
be accompanied by one or more other cognitive impairments. The level of 
impairment is sufficient to impact on independent living and later in the course of the 
disease patients may become unable to care for themselves and need help in daily 
activities. Common neuropsychiatric symptoms include apathy, anxiety, agitation, 
and depression (Cummings, 1996). 
1.3.2.2 Epidemiology 
Alzheimer’s disease (AD) is the most frequent cause of dementia. It affects about 
30% of those aged 85 and older and its incidence doubles every 5 years from age 
60 (Orange and Ryan, 2000). AD accounts for 70 percent of all cases of dementia 
in Americans aged 71 and older (Plassman et al., 2007) and it was the fifth-leading 
cause of death for those aged 65 and older (Heron et al., 2008). When the costs of 
medical, long-term, and home care, as well as lost productivity for caregivers, are 
included AD is reported to cost the United States economy an estimated $100 
billion annually (Cummings et al., 2002). 
Patients with AD usually require continuous supervision and personal care, at least 
in the middle to later stages of the condition. Accordingly, caregivers may 
experience high levels of stress, negative socioeconomic effects and it has been 
found that about one-third of family caregivers of people with AD and other 
dementias have symptoms of depression (Yaffe, 2002; Taylor, 2008). 
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1.3.2.3 Pathology 
Alzheimer’s disease is a progressive disease characterized by depositions of 
proteins in the brain in the form of plaques and tangles (Linn et al., 1995; Petersen 
et al., 1999). A protein (Apolipoprotein E) has been identified as a genetic 
determinant of susceptibility to late-onset AD, although it is not causative in disease 
onset (Poirier, 1993).  
It has been suggested that the pathology in AD is due to accumulation of beta-
amyloid - overproduction or failure to break down an amyloid precursor protein 
leads to amyloid deposition resulting in amyloid plaques,  neurofibrillary  tangles 
and cell death (Plassman and Breitner, 2000).  
Histopathological investigations show neuronal loss, amyloid deposition, within 
senile and neuritic plaques, and neurofibrillary tangles (Braak and Braak, 1991; 
Price et al., 1991). Loss of presynaptic of cholinergic neurons is also evident in late-
stage patients (Davis, 1978). 
1.3.2.4 Treatment 
Approaches to the treatment and management of AD include symptomatic 
treatment with cholinergic agents, psychotropic medications to control behavioural 
disturbances, disease modification looking for treatable conditions, family support 
(Cummings, 1996; Salzman et al., 2008) and more recently cognitive rehabilitation 
(Clare et al., 2010).  
(i) Pharmacological - Some agents are said to possibly provide some protection 
against AD e.g. moderate daily wine consumption, frequent fish (not shellfish) 
consumption, and the use of nonsteroidal anti-inflamatory drugs (NSAIDs), 
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antioxidants (vitamin E), and statins (Chui, 2000) though none are routinely 
recommended to specifically prevent dementia.  
Regarding pharmacological treatment of cognitive symptoms, there is some 
evidence that acetylcholinesterase inhibitors and vitamin E may delay deterioration 
in AD (Doody et. al., 2001), though effects are typically modest. The UK’s National 
Institute for Clinical Excellence (NICE) (NICE, 2011) advised use of donepezil, 
rivastigmine (both approved by FDA as well, Doody, et al., 2000) and galantamine 
as one component in the management of people with mild and moderate AD. In 
more severe cases of dementia Memantine – an N-methyl-D-aspartate (NMDA) 
receptor antagonist – has been shown to be of benefit (Winblad and Poritis, 1999; 
Reisberg, 2003). 
Psychotropic medications are used for behavioural and psychiatric symptoms e.g. 
agitation, depression, and psychosis but it is argued that only symptoms that cause 
clinically significant dysfunction should be treated with pharmacological agents 
(Jeste et al., 2008).  
(ii) Cognitive rehabilitation - While initially developed for people brain injury, 
cognitive rehabilitation can be, with certain modifications, equally applied to people 
with progressive conditions such as Alzheimer's disease and other dementias, at 
any stage or degree of severity, including as a palliative care approach towards the 
end of life (Wilson, 2008).  
Neuropsychological rehabilitation in dementia is usually applied on the same lines 
of the holistic psychotherapeutic approach used in brain injury rehabilitation outlined 
by Prigatano (1999) and Wilson et al., (2009). Of note is to consider cultural, 
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religious and linguistic factors that may influence the way in which dementia is 
understood (Downs et al., 2006). 
Strategies commonly used for memory rehabilitation include facilitating remaining 
episodic memory functioning and support of both encoding and retrieval (Bäckman, 
1992), ensuring effortful processing (Bird and Luszcz, 1993), reducing errors during 
the learning process (Clare et al.,1999;  Clare et al., 2000), and encouraging 
encoding through multiple sensory modalities (Karlsson et al., 1989). Specific 
methods include spaced retrieval (Camp 1989), cueing (Clare and Wilson 2004), 
simple mnemonics (Clare et al., 1999), encouraging semantic processing of 
material (Bird and Luszcz, 1991, 1993) and the use of subject-performed tasks as 
an aid to encoding (Bird and Kinsella, 1996).     
Procedural memory needs to be supported to improve or restore the ability to carry 
out selected activities of daily living via action-based learning (Hutton et al., 1996). 
Support of semantic memory can be achieved through repeated rehearsal 
combined with contextual information (Reilly et al., 2005; Snowden et al., 2002) and 
demonstration of object use (Bozeat et al., 2004).  
Clare et al., (2010) report a randomised controlled trial of cognitive rehabilitation for 
people with dementia.  They demonstrated significant improvement in personal goal 
achievement in everyday functional goals for participants who received an eight 
week programme of personalised cognitive rehabilitation compared to participants 
who received either an attention placebo condition (relaxation training) or a no-
treatment condition. Of note in relation to this intervention is the fact that 
participants were in the early stages of dementia (MMSE≥18), once again 
highlighting the importance of early identification of dementia.  
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Whilst Alzheimer’s disease is the most common form of dementia a number of other 
forms of dementia exist and these are briefly discussed in the following section. 
Whilst many of these forms of dementia share common symptoms with AD, the 
following sections highlight that there are significant differences in presentation 
including in terms of patterns of cognitive impairment. Different forms of dementia 
have different prognoses and different requirements in terms of support for patients 
and families, pharmacological treatment options. This highlights the need for 
dementia assessment tools that are able to detect impairments in different domains 
of cognition, something that is discussed in more detail later.  
1.3.3. Vascular Dementia (VaD) 
Vascular dementia is the second most common type of dementia and it accounts for 
about 20% of all dementias in which patients suffer from either large-vessel disease 
(multi-infarct dementia) or small-vessel disease (lacunar state or Binswanger’s 
disease), or a combination of both (Roman, 2003).  
Characteristic clinical features are either due to cortical symptoms; aphasia, 
amnesia, agnosia, and apraxia or subcortical ones; slowness, depression, 
forgetfulness, and cognitive deterioration (Cummings and Benson, 1992). VaD 
usually progresses in a step-wise manner. It often begins with neurological 
symptoms (e.g. abnormal reflexes, difficulty in walking). Deterioration of memory 
occurs at a later stage. Compared with AD, the most neuropsychological 
distinguishing feature of vascular dementia has been the greater deficits in the 
executive domain than those in AD patients (Looi and Sachdev 1999).  Therefore, 
recognition memory in VaD patient is frequently better preserved than free recall 
compared with AD patients (Cummings et al, 1994).    
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1.3.4 Fronto-temporal Dementia (FTD) 
Fronto-temporal dementia is a degenerative progressive neurobehavioral syndrome 
affecting the frontal and anterior temporal lobes of the brain. FTD is characterized 
by early deterioration in social, interpersonal and personal conduct, early emotional 
blunting, and early loss of insight or various forms of progressive language 
disorders (Neary et al. 1998).  The clinical presentation and degree of cognitive 
deficit differ according to the degree of degeneration in the affected area of the 
brain. Therefore, the syndrome has been subdivided into: 1) a frontal or behavioral 
variant (FvFTD), 2) a temporal, aphasic (progressive fluent) variant, also called 
Semantic dementia (SD), and 3) a progressive (nonfluent) aphasia (PA) (Weder, et 
al. 2007). However, there are other conditions which may present with similar 
features of FTD e.g. motor neuron disease, progressive supranuclear palsy, and 
corticobasal degeneration therefore, some authors (Knibb et al. 2006) include these 
conditions into FTD while others refer to all these conditions as Pick complex or 
dysexecutive syndrome (Kertesz, 2003).  
FTD typically occurs earlier than Alzheimer's disease with onset occurring between 
35 to 75 years old. A prevalence of 15 per 100.000 in a population of 45 – 64 years 
of age has been reported (Ratnavalli et al., 2002) and FTD accounts for 20% of 
cases of presenile dementias (Snowden et al., 2001). 
FTD has a heterogeneous pathology in form of atrophy affecting the prefrontal and 
anterior temporal neocortex characterized by gliosis, neuronal loss, and superficial 
spongiform degeneration. Ballooned neurons (Pick cells) have been found to occur 
with variable frequency in all subtypes (Kertesz and Munoz, 2002). Histologically 
microvacuolation of the outer cortical laminae due to large neuronal cell loss, or 
transcortical gliosis is evident (Neary et al., 2005). However, in SD unlike other FTD 
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sub-types the neuropathological findings are found to be fairly predictable: most 
patients have ubiquitin-positive, tau-negative neuronal inclusions (Hodges and 
Patterson, 2007).  
 1.3.4.1 Frontal (FvFTD) or behavioral variant  
The presenting picture correlates with the specific frontal area (orbitobasal, medial, 
and dorsolateral) being affected. Generally there is insidious onset of personality 
and behavioural changes and lack of insight.   Involvement of the orbitobasal sub-
area leads to disinhibition, antisocial behavior, poor impulse control, and 
stereotypical and ritualistic behaviours (Hodges, 2001). On the other hand, 
involvement of the medial frontoanterior cingulate sub-area is associated with 
apathy, hyperorality, and preference for sweet food. Decline in personal and 
interpersonal conduct and inappropriate sexual gestures are also common (Boxer 
and Miller, 2005). Echolalia, perseveration, emotional blunting, and mutism may 
also be present (Hodges, 2001). 
Cognitive impairments include; executive function (Boxer and Miller, 2005) attention 
deficits, poor abstraction, difficulty shifting mental set, and perseveration (Snowden 
et al. 2001). A deficit in planning and organization is present when there is 
involvement of the dorsolateral prefrontal cortex (Hodges, 2001).  
There is marked heterogeneity in clinical presentations of these FvFTD subtypes as 
a result of differential involvement of brain regions (Snowden et al. 2001). Marked 
social behavior disruption has been found to be common in patients with 
predominantly right-hemisphere pathology (Snowden et al., 2002). Hypoactivity and 
apathy has been observed in patients with frontal FTD, whereas hypomania-like 
behavior observed in cases of temporal pathology (McMurtray et al., 2006). On the 
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other hand, right frontal hypoperfusion is associated with lack of insight and left 
frontal perfusion is associated with decreased hygiene. In left hemisphere FTD 
there are marked language difficulties and fairly normal behavior whereas in right 
hemisphere FTD language is preserved but there is more frequent inappropriate 
behavior (McMurtray et al., 2006).    
1.3.4.2 Semantic dementia (SD) or aphasic (progressive fluent) variant  
The term 'semantic dementia' was coined by Snowden et al. in 1989 to denote 
fluent progressive aphasia, defective word comprehension and recognition of 
people and objects. Later on in 1992 Hodges et al. referred to the consistent finding 
of anterior asymmetrical bilateral temporal lobe atrophy. The current consensus 
criteria for diagnosis of SD were formulated by Neary et al. in 1998. 
Initially in this form of FTD there is loss of memory for words or a loss of word 
meaning (Boxer and Miller, 2005) associated with bilateral atrophy of the middle 
and inferior temporal neocortex (Neary et al., 2005). Speech is fluent with substitute 
phrases like “things” and “that” but patients are unaware of their comprehension 
deficits (Boxer and Miller, 2005). Other deficits include; inability to recognise the 
significance of faces and objects in addition to deficits in on non-verbal tasks using 
visual, auditory, and other modalities as a result of impairment in conceptual 
knowledge. Recent memory is intact however, anterograde verbal memory is found 
to be defective on standard tests e.g. wordlist learning (Knibb and Hodges, 2005).    
Other features of patients with SD are impairments in emotional processing and 
interpersonal coldness. Those with right temporal involvement may show emotional 
disturbances, bizarre alterations in dress, and limited, fixed ideas (Mc Murtray et al. 
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2006). Patients with SD are found to be less apathetic and more compulsive than 
those with Fv FTD (Boxer and Miller, 2005). 
1.3.4.3 Progressive (nonfluent) aphasia (PA) 
In this type of FTD expressive language is mainly affected in the form of great 
difficulty in word retrieval while word comprehension is preserved. There is 
asymmetric associated pathology in the left hemisphere (Neary et al., 2005). There 
are changes in fluency, pronunciation, or word finding difficulties. Behavioural 
changes may appear later in the course of the disease (Boxer and Miller, 2005).  
Neuropsychiatric symptoms of FTD include; depression, irritability, and euphoria but 
the most prominent symptoms are apathy and disinhibition (Levy, et al., 1996). 
1.3.5 Dementia with Lewy Bodies (DLB) 
Dementia with Lewy Bodies (DLB) is associated with the presence in the brain of 
eosinophilic cytoplasmic inclusions made up of synuclein fibrils seen in ballooned 
neurons of the brain stem and cortex (Dickson et al., 1996).  
Although there is overlap in terms of cognitive impairment with Alzheimer’s disease, 
DLB is often distinguished from AD because of the occurrence of hallucinations, 
visuospatial perceptual disorder, with somewhat better preserved memory 
functioning (in the early stages), fluctuating levels of attention/alertness, severe 
sleep disturbances (Perry, et al, 1990; McKeith et al, 1994) The presence of 
parkinsonian features and extrapyramidal symptoms are also common (Paulsen et 
al., 2000; Hardy, 2003).  
Prevalence rate of DLB in the community is not precisely known, however, it has 
been diagnosed at autopsy in 12 – 36% of patients with dementia (Paulsen et al., 
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2000; Hardy, 2003), though Knapp and Prince. (2007) suggested that DLB 
represented about 4% of all dementias in the over 65’s.  
1.4 Assessment, diagnosis and differential diagnosis in dementia 
The preceding sections have highlighted that dementia occurs in a variety of forms 
as a result of different pathologies affecting different parts of the brain. Snowden et 
al., (2011) highlight that the change from viewing dementia as a global impairment 
of intellectual function to a perspective of distinct profiles of cognitive impairment 
and behavioural changes has important implications for the management of people 
with these conditions.  
To distinguish one form of dementia from another requires a combination of a 
comprehensive analysis of the clinical history of the patient, a detailed neurological 
examination, and neuropsychological assessment of cognition and behavior 
(Snowden et al., 2011). 
The patient’s history will provide indications of signs and symptoms of any cognitive 
or intellectual deterioration, behavioural disturbances, and possible co-morbid 
psychiatric features. A critical feature of the history taking are the observations 
about impairment in social functioning, given by a reliable informant. There are 
many validated instruments which can be used in this respect e.g. the Informant 
Questionnaire on Cognitive Decline in the Elderly (IQCODE) (Jorm, 1994) and The 
Dementia Questionnaire (DQ) (Kawas et al., 1994)  
General physical and neurological examination must be undertaken to detect any 
cardiovascular, cerebrovascular, endocrinological, or other neurological disorders. 
In terms of neuroimaging MRI and/or SPECT imaging will contribute to diagnostic 
confidence, though interestingly Snowden et al. (2011) reported that in their study of 
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228 patients, neuroimaging was typically carried out after initial clinical diagnosis 
had been made and hence was seen as having a supportive role, with no patient 
having their diagnosis changed as a result of imaging findings.  
Psychiatric assessment is important to detect treatable conditions such as 
depression which can mimic dementia (psuedodementia), and to deal with possible 
co-existing features like agitation, anxiety, and/ or delusions which might complicate 
the clinical picture of dementia.  
 
1.4.1.Neuropsychological assessment of dementia  
As noted, neuropsychological testing is an integral part of the evaluation of 
suspected cases of dementia. Although cognitive assessment is a non-invasive 
procedure, given that it will make an important contribution to the diagnostic 
process, there are considerable risks associated with inaccurate results - false 
positive results would lead to potential stigma for a person labeled with dementia 
(Freyne, 2001; Brayne et al., 2007), with the potential for harm as a result of 
unnecessary treatment given the side effects of dementia medications. False 
negatives would lead to clinical conditions being missed, a difficulty understanding 
symptoms for patients and their families, and inappropriate treatment (or no 
treatment). Cognitive assessment instruments are commonly used for detection of 
cognitive impairment, differential diagnosis of cause, follow-up of progression, 
deterioration or assessing severity of cognitive impairment (Woodford and George, 
2007). 
There are many neuropsychological tests, and batteries of tests, that have been 
developed to assess different aspects of cognition. Furthermore, quite a large 
number of instruments have been developed with the specific purpose of assessing 
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for the presence of dementia. Some of these are relatively lengthy batteries of tests, 
whilst others are very brief, often described as ‘screening tests’.   
In a systematic review of screening tests for cognitive impairment, Cullen et al. 
(2007) identified thirty-nine screens and examined the evidence for their validity in 
detecting cognitive impairment. They noted that there are variety of settings in 
which screening may occur and a variety of reasons that cognitive screening tests 
may be used.  These include brief assessment in the doctor’s office, large scale 
community screening and domain-specific screening to guide further assessment 
selection. Cullen et al. concluded that, “no single instrument for cognitive screening 
is suitable for global use" (Brodaty et al., 1998) though noted that there are a small 
number of tools for which there is some evidence for their validity in detecting 
cognitive impairment in a relatively comprehensive set of cognitive domains. Cullen 
et al. noted that rated highest in terms of validation and coverage of key cognitive 
domains were those that expand on the Mini-Mental State Examination (MMSE; 
Folstein, et al., 1975), which is the most commonly used instrument in clinical 
practice. One of these tests that expands on the MMSE, is relatively brief, but was 
designed to support the process of differential diagnosis of the various forms of 
dementia by increasing the range cognitive domains examined as well as examining 
key domains such as memory in more depth than in the MMSE is the 
Addenbrooke's Cognitive Examination (Mathuranath, et al., 2000). In the next 
section the MMSE and ACE, and its revised version ACE-R, (Mioshi et al., 2006) 
are discussed.  
1.4.1.1The Mini Mental Status Examination (MMSE) 
The MMSE (Folstein, et al., 1975) is a brief 30-point test that is commonly used to 
screen, and follow-up, for cognitive impairments as in dementia. The test takes 
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about 10 minutes to complete and covers arithmetic, language, memory, orientation 
functions, and motor skills (e.g. copy a drawing of two interlocking pentagons).  
A score ≥25 is considered as normal, with impairment defined as mild (21 - 24), 
moderate (10 - 20), and severe (≤9) (Mungas, 1991). Age and educational level 
have to be considered in the interpretation of scores (Crum et al., 1993) and 
physical disorders of hearing (Dean et al., 2009), reading, and writing (or drawing) 
may affect scoring. 
Although the MMSE has a reasonable degree of sensitivity and specificity in 
identifying dementia (Mohs et al 1983; Rosen et al 1984; Zaudig et al., 1991), it has 
also been criticised in terms of not sufficiently examining cognitive functions such as 
frontal-executive skills, visuospatial skills and semantic memory, all of which may be 
the primary deficits in specific degenerative conditions (e.g. fronto-temporal 
dementia, Dementia with Lewy bodies; Bak and Mioshi, 2007). Other shortcomings 
of the MMSE include; variability of  accuracy in detection of dementia patients of 
different ages, education levels and ethnicities (Boustani et al., 2003) and poor 
sensitivity in detection of cases of MCI (Ganguli et al 2001; Kukull et al 1994). 
However, some authors (e.g. Kukull et al., 1994) found MMSE to be sensitive when 
scores are adjusted for age and education. 
1.4.1.2 The Addenbrooke's Cognitive Examination (ACE) 
The Addenbrooke’s cognitive examination (ACE) was developed by Hodges and 
colleagues (Mathuranath, et al., 2000) at the Memory Clinic at Addenbrooke’s 
Hospital, Cambridge, UK, for the detection and classification of AD and FTD 
(Stokholm, et al. 2009). The authors stated that there were three reasons for the 
need for such screening and diagnostic tests: 1) a substantial proportion of patients 
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previously diagnosed with AD actually have other degenerative conditions such as 
Dementia with Lewy Bodies or Fronto-temporal dementia (McKeith, et al., 1994) or 
FTD (Neary, et al., 1998); 2) the availability of disease-modifying agents 
necessitates early detection of dementia (Gifford and Cummings, 1999); 3) a 
growing concern about memory impairment in late life among the general 
population (Verhey, et al., 1993).  
Other screening tests for dementia (Folstein, et al 1975; Buschke et al 1999) are 
either not well established as standard tests (Gifford and Cummings, 1999) or 
require trained personnel and specialised equipment to administer e.g. the cognitive 
section (CAMCOG) of the Cambridge Examination for Mental Disorders of the 
Elderly (CAMDEX) (Huppert et al 1995) and the Dementia Rating Scale (DRS) 
(Mattis, 1988). Moreover, it is argued that these tests are not suitable for routine 
bedside cognitive evaluation (Mathuranath, et al., 2000).  
As noted, the MMSE (Folstein, et al 1975) is a widely used and validated bedside 
test (Tombaugh and McIntyre, 1992) but its sensitivity as a stand-alone test is 
questionable (Kukull et al., 1994). It has been found to be insensitive in early AD 
with amnestic syndrome (Feher, et al., 1992; Greene et al., 1996) and fails to detect 
isolated frontal or linguistic impairments in early FTD (Gregory et al 1997; Hodges 
et al., 1999). The MMSE also lacks measures of executive ability (Naugle and 
Kawczak, 1989) and is unable to detect language deficits unless they are advanced 
(Feher, et al., 1992).  
Therefore, to overcome those drawbacks of MMSE and other tests of cognitive 
impairment, based upon their own research (Greene et al., 1996; Gregory et al 
1997; Hodges et al., 1999; Hodges et al., 1992) over several years, Mathuranath, et 
al., (2000) developed the ACE as a brief bedside test battery which does not need a 
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specialised equipment to administer, and at the same time incorporates the MMSE, 
and expands the memory, language, and visuospatial components, along with 
providing tests of verbal fluency.   
1.4.1.2.1 Evidence for validity in assessment of dementia 
The ACE is a 100-point test consisting of items relating to six domains of cognition 
including orientation, attention, verbal fluency, memory, language, and visuospatial 
function. It can be administered in 15 – 20 min and no specialised equipment is 
needed. Based upon validation data relating to detection of dementia (compared to 
performance of healthy control participants), the authors provided two cut-off points 
relating to the detection of cognitive impairment associated with dementia, the lower 
being 83/100 and the higher being 88/100. Using 88 as the cut-off, the ACE has 
good sensitivity (93%) and a specificity of 71% (Mathuranath, et al., (2000,) while 
the lower (83) cut-off has a lower sensitivity (82%), but higher specificity (96%). 
Moreover, performance on the ACE was found to discriminate well between patients 
with dementia and those with affective disorders (Dudas, et al., 2005). Given that 
one of the primary drivers for development of the ACE was to aid differential 
diagnosis, Mathuranath et al., (2000) examined this and developed what they 
referred to as the VLOM ratio, which is the ratio of scores on verbal fluency plus 
language to scores on orientation plus name and address delayed recall memory. In 
their validation sample the VLOM ratio was relatively good at distinguishing AD 
patients from FTD patients.  
The ACE has been validated in England (Mathuranath, et al., 2000; Bak, et al., 
2005), Germany (Alexopoulos, et al., 2007), Denmark (Stokholm, et al., 2009), 
France (Bier, et al., 2005), and Spain (Garcia-Caballero et al., 2006). However, 
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transcultural use was limited by difficulty in translation of some questions to 
languages other than the English language. 
 1.4.1.3 The Addenbrooke's Cognitive Examination-Revised (ACE-R) 
The original Addenbrooke's Cognitive Examination (Mathuranath et al., 2000) had 
been widely used across the world (Mathuranath et al., 2004; Garcia-caballero et 
al., 2006) but was replaced by the revised version – the ACE-R (Mioshi et al., 
2006). The aim of the revision was to make a number of improvements. The authors 
stated that the naming component of the ACE suffered ceiling effects, while the 
visuospatial component was very limited. The authors made design changes to 
make the test easier to administer, content was modified to facilitate cross-cultural 
usage and translation, to increase sensitivity and to provide a more balanced 
contribution of subtests to the final score (Mioshi et al., 2006).  
The ACE-R was intended to ensure sensitivity and specificity for detecting cognitive 
impairment associated with dementia, but the aim was also to make it sensitive to 
mild cognitive impairment. Three parallel versions were developed (Versions A, B, 
and C) given the frequent necessity to re-assess patients and thus to avoid patients 
recalling test items from previous visits on repeated administration. Its 26 
components were combined into five specific cognitive domains sub-scores (Mioshi, 
et al., 2006). These sub-scores include; attention/concentration (18 points), memory 
(26 points), fluency (14 points), language (26 points), and visuospatial (16 points). 
The maximum score remained at 100 and the test takes 12 to 20 minutes for 
administration and scoring.  
Mioshi et al., (2006) reported that specific modifications from the ACE included; in 
the memory domain parallel versions of the name/address recall task and a 
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recognition trial were added, retrograde memory items were simplified to make 
them more easily translated; in the fluency tests scaling was modified; in the 
language domain comprehension of commands was removed, new semantic 
comprehension questions were added, the pictures for the naming test were 
changed to reduce ceiling effects and reading of regular words was excluded; in the 
perceptual domain, there was an expansion of the clock face drawing scoring 
range, and new tasks (counting of dots arrays, and identifying fragmented letters) 
were added. 
On comparing the ACE-R with ACE there was better performance on the memory  
(p< 0.05) and visuospatial (p< 0.001) domains and significant difference in the total 
score on the ACE-R ( p = 0.04) in addition to a 100% positive predictive value at the 
lower cut-off (82) for a range of prevalence rates of dementia (Mioshi, et al., 2006). 
Mioshi et al. also found that the score designed to differentiate Alzheimer’s type 
dementia from a fronto-temporal presentation (the VLOM ratio) had similar 
sensitivity, leading to a conclusion that the ratio has clinical utility in differential 
diagnosis, though they noted that the specificity of the ratio was somewhat better 
than the specificity. The authors therefore concluded that the ACE-R is a brief, 
sensitive and specific instrument for the detection of early cognitive impairment and 
differentiation between AD and FTD. 
1.4.1.3.1 Critical appraisal of the ACE and ACE-R  
Crawford, Whitnall, Robertson, & Evans, (2012) reported the results of a systematic 
review of the accuracy and clinical utility of the ACE and ACE-R. They note that 
‘although dementia screening tools should never be the sole means of diagnostic 
decision making, the usefulness of dementia screening tools is primarily assessed 
using measures of diagnostic accuracy’ (p661).  They identified nine studies, seven 
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relating to the ACE and two to the ACE-R (they did not include studies using 
translated/adapted versions) that had examined the diagnostic accuracy of the 
ACE/ACE-R. Crawford et al. reported that studies reviewed had examined 
performance in a range of populations and had identified a number of different 
‘optimal’ cut-off points. They concluded that across the range of studies the 
ACE/ACE-R was statistically robust though noted that this was strongest for 
application in the memory clinic context where base rates relating to proportion of 
people with dementia are high compared to community populations. To illustrate 
this point, Crawford et al. calculated Positive Predictive Values, Negative Predictive 
values and post-test probabilities for two different base rates (for 54% which is 
typical for a memory clinic and 1.3% which is more consistent with levels of 
dementia in the population as a whole). Although the ACE-R was considered by 
Crawford et al. to be effective at detecting cognitive impairment, it was noted that 
there is not yet a substantial evidence base relating to its ability to differentiate 
between mild cognitive impairment and dementia or between different forms of 
dementia. Nevertheless, Crawford et al. acknowledged that the subscale 
information available from the ACE-R is a key strength, as it provides clinicians with 
information that may be useful in guiding further assessment that may in turn 
differentiate between forms of dementia. 
One limitation of the ACE-R is that its scores did not correlate with scores of basic 
and instrumental activities of daily living among patients with different types of 
dementias such as AD and FTD (Mioshi et al., 2007). 
In relation to psychometric properties, the ACE-R was shown to be reliable on a test 
of internal consistency (Cronbach alpha; Mioshi et al. 2006) but there are no studies 
of test-retest (or parallel-form) reliability on this version. There is one small study of 
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test-retest reliability on a Japanese version (Yoshida et al., 2012) with just 21 
participants. Given the importance of repeated assessment in confirming diagnosis 
or monitoring change (either deterioration or possibly improvement with 
pharmacological treatment) this is an important area for further research and 
something that is addressed in this thesis.  
Whilst originally developed in English, the ACE-R has subsequently been translated 
for use in a number of different languages and cultures, though not to date in an 
Arabic-speaking population. 
1.4.1.3.2 Translations and adaptations of the ACE-R 
Several issues arise in relation to the use of tests developed in one country in 
another country (Ardila, 1995). The most obvious is of course language and the 
need for translation. However, simple word for word translation may not always be 
possible or appropriate and in order to preserve the main purpose of a particular 
test (i.e. the specific aspect of cognition being examined) adaptation of test items 
may be required. Cultural differences may impact on the relevance or familiarity of 
test items and so once again adaptation may be necessary. Finally it is necessary 
for validation and reliability studies to be conducted with translated/adapted 
versions of tests – it is not sufficient to assume that psychometric properties/cut-offs 
will be the same. Given that important variables such as level of education are 
known to impact on performance of many cognitive tasks, and given differences in 
level of education between countries, this highlights the importance of undertaking 
validation studies with each new version of an assessment tool.   
In this respect, Siedlecki et al (2010) point out that neuropsychological tests used in 
the cognitive assessment of individuals being evaluated for disorders associated 
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with advanced age, such as dementia, have usually been developed and validated 
in English-speaking individuals. They report that a frequent outcome of test scores 
is the overdiagnosis of cognitive disorders in non-English speakers. For example, 
Bird et al., 1987) found that when a Spanish language version of the Mini-Mental 
State Exam (MMSE) is administered, Spanish-speaking subjects are more likely to 
be assessed as impaired, in spite of a normal clinical evaluation.   
Similarly, Tuokko et al. (2009) asserted that although neuropsychological batteries 
are often translated for use across populations differing in preferred language, no 
assumptions can be made of equivalence in construct measurement across groups. 
They examined data from the Canadian Study of Health and Aging, a large study of 
older adults in order to test the hypothesis that the latent variables underlying the 
neuropsychological battery administered in French or English were the same 
(invariant). They found that while two of the factors, Long-term Retrieval and 
Visuospatial speed, showed invariance, that is, reflected the same constructs 
measured in the same scales, the Verbal Ability factor showed only partial 
invariance, reflecting differences in the relative difficulty of some tests of language 
functions. They concluded that this empirical demonstration of partial measurement 
invariance supported the use of these translated measures in clinical and research 
contexts and offered a framework for detailed evaluation of the generality of models 
of cognition and psychopathology, across groups of any sort (Tuokko et al., 2009).  
Carvalho and Caramell (2007) translated and adapted the ACE-R for use in the 
Brazilian population. They carried out two independent translations from English 
into Portuguese, followed by two independent back-translations in addition to a 
small number of adaptations relevant to the Brazilian culture and language. 
Examples of adaptations that were made include modifications to the name and 
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address and the name of the current president. In the Language-naming item and 
Language-comprehension item some modifications were made in accordance to 
Portuguese and Brazilian culture.  In the Language-reading section, irregular words 
were chosen to have similar levels of difficulty in Portuguese and in English. A pilot 
study was carried out in two stages on 21 healthy individuals 60 years old or more 
with no history of cognitive decline or neurological deficit with various educational 
levels. The first step involved 10 individuals following which some further 
modifications were made. The final ACE-R Portuguese version was tested on the 
remaining 11 participants.   
The mean age was 75.4 ± 7.1 years (range 60 to 89 years). 17 (80.9%) were 
women and 4 (19.1%) were men. Mean number of years of education was   8.5 ± 
4.3 (range 3 - 22 years). The lowest total score was 73, the highest was 98, the 
mean total score was of 83.3 ± 10.0 points and the test took about 15 minutes on 
average to be administered. The comprehension of the different items was found to 
be good. 
They concluded that the Brazilian version of the ACE-R was found to be a 
promising cognitive instrument for testing both in research and clinical settings, but 
no validation study with dementia patients was reported.  
In Germany, Alexopoulos et al., (2007) made two independent translations of ACE-
R and provided adaptations of the name and the address recall and recognition 
tests, the retrograde memory tests and the repetition test. The addresses were 
chosen to reflect common street names and towns. The questions about “the 
current Prime Minister” and “the woman who was Prime Minister” from the original 
English version were replaced by “the name of the current Chancellor” and of “the 
name of the previous Chancellor”. Regarding the words in the repetition test, these 
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were chosen to be of low frequency, short in length and easy to articulate, as in the 
English version. Back translation was undertaken and compared with the original 
English version and it was found that apart from the adapted items, the new version 
was very similar to the original one. Alexopoulos et al., (2010) conducted a 
validation study and reported that optimal cut-off scores for the ACE-R for detecting 
MCI, AD, and FTD were 86/87, 82/83 and 83/84, respectively. They found that the 
ACE-R was better than the MMSE only in relation to detection of FTD.   
In Greece, Konstaninopoulou et al. (2011) examined internal consistency. They 
administered a translated version of ACE-R plus a number of alternative items with 
cultural adaptations to 60 healthy participants, 35 patients diagnosed with dementia. 
(n=16) of them were diagnosed with Alzheimer’s disease and (n=19) of them were 
diagnosed with frontotemporal dementia. They used Cronbach’s alpha to measure 
the internal consistency. Their results showed high internal consistency, patients 
with dementia performed worse than controls and effects of gender and education 
were significant. They concluded that the Greek version of the ACE-R was a brief 
and reliable instrument for the detection of dementia. 
In Romania, to adapt and validate the ACE-R, only relevant linguistic modifications 
were made and other items were maintained (Popescu et al., 2009). To examine 
reliability, discriminant and concurrent validity 82 subjects (age range 60 – 80 years, 
education level < 8 years) were subjected to the test. On comparing patients with 
dementia and patients with cognitive impairment with a control group matched for 
age and educational level, significant between-group differences were found in: 
attention, memory, fluency, visuospatial functions. Diagnostic accuracy was 96%, 
sensitivity was highest at a cut-off point of 86 and specificity improved at the cut-off 
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score of 83. The authors concluded that their results proved the reliability and 
validity of the Romanian ACE-R version's usefulness for clinical practice.   
Kwak, et al., (2010) reported on the validation of a Korean version of the ACE-R. 
Again they reported that their primary approach was to translate the test as directly 
as possible, but with the addition of minor linguistic and cultural adaptations (though 
the details of these are not provided). In their validation study they found that the 
optimal cut-off score for distinguishing patients with dementia from healthy controls 
was somewhat lower (at 78) than for the original version (82/88). They attributed 
this to differences in age and education, as their sample was a little older and had 
fewer years of education. 
Yoshida et al., (2012) reported on a Japanese version of the ACE-R. They provide a 
detailed description of the linguistic/cultural adaptations, which included changes to 
the name and address, retrograde memory, letter fluency, word repetition, naming, 
comprehension, irregular word reading, and fragmented letters. They undertook 
back-translation to check consistency with the original English version. They 
conducted an extensive validation study, finding that the ACE-R J was sensitive and 
specific for the detection of MCI and dementia, was superior to the MMSE and 
showed good internal consistency, inter-rater and test-retest reliability (though the 
latter was only determined with 21 participants). Cut-off scores for MCI (88/89) and 
dementia (82/83) were similar to the original English version.  
In summary, a number of translations/adaptations of the ACE-R have been 
undertaken. They vary in the extent to which items are simply translated or adapted, 
highlighting the importance of careful consideration of whether/how items should be 
adapted to make them culturally relevant, whilst still examining the domain of 
cognition originally intended and relevant to the assessment of dementia.  
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To date there has not been an Arabic version of the ACE-R. Given the number of 
Arabic speakers in the world (estimated at around 300 million) this is a significant 
omission. The focus of the work reported in this thesis is therefore the translation 
and adaptation of the ACE-R for use with Arabic speakers, with work being 
undertaken in the context of Saudi Arabia.  
 
1.5 Dementia in the Arab world  
Quoting WHO statistics, Clark and Cummings (2004) stated that in ten selected 
Middle Eastern nations (including Saudi Arabia) the proportion of the population 
over the age of 65 will grow at a greater rate than other segments of the populace to 
17.1% by the year 2050. Therefore, as with other parts of the world, given that the 
strongest risk factor for dementia is age, the incidence and prevalence of dementia 
are likely to rise substantially, constituting a significant social and economic burden 
as well as a personal tragedy and challenge to families. Furthermore, as noted 
earlier, the current prevalence of dementia in community samples in Middle Eastern 
countries appears to be considerably higher than in the Western world. Bowirrat et 
al.’s (2001) study highlighted that prevalence of dementia amongst people of Arab 
background was 3.9 times higher than those with non-Arab background in Israel 
and there was evidence of higher prevalence in illiterate people. Whilst the 
explanation for the relationship between illiteracy and dementia is not clear (and 
likely to be mediated by a large number of factors relating to deprivation), these 
figures highlight the importance of having tools for the assessment of dementia that 
can be used with people who are not literate. Similar findings were apparent in the 
recent study of Afgin et al., (2012) who reported that in a community sample of 944 
Arab people over 65, prevalence of MCI and AD were high (MCI 30% and AD 
9.8%), with age, gender (being female) and years of schooling being predictors of 
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higher rates. It is not clear  what accounts for these findings of very high rates of 
cognitive impairment. In other parts of the Arab world rates appear to be closer to 
Western levels. For example in a study of El Tallawy et al. (2012) in Egypt, in a door 
to door study of 8173 people over 50 years old, prevalence of dementia was 2.2%, 
rising sharply to 18.48% for those over 80 years.  
As diagnosis of dementia is dependent upon interpretation of clinical history, there 
is potential for differences in prevalence estimates to vary depending on reporting of 
clinical history by participants or their families and by differences in interpretation by 
medical staff.  Given differences in cultural interpretations of changes in cognition 
with ageing (Karem and Itani, 2013), it is possible for problems with cognitive 
functions or everyday functional limitations arising from cognitive dysfunction to be 
interpreted differently in different cultures, potentially impacting on epidemiological 
surveys of dementia.  
A recent review of literature on dementia in the Arab region (Karam and Itani, 2013) 
found no epidemiological studies of dementia in Saudi Arabia. Karam and Itani 
noted that the limited amount of data from a small number of studies in limited parts 
of the Arab world found prevalence to be associated with age and education with 
findings in relation to gender mixed. Ferri et al. (2006) conducted a Delphi 
consensus study (in part because of the lack of available epidemiological evidence) 
to estimate global dementia prevalence. This consensus approach concluded that 
for the North Africa and Middle East region, dementia prevalence to be 3.6%, which 
is lower than for Western Europe, the Americas and the developed Western Pacific 
region, but higher than South East Asia and the rest of Africa. This study also 
highlighted that the predicted proportionate increase in dementia prevalence in 
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North Africa and the Middle East over the subsequent forty years was 385%, 
substantially greater than the increase of 102% predicted for Western Europe.  
Thus whilst precise incidence and prevalence figures for dementia in the Arab world 
are not clear, and there is very little information available from Saudi Arabia, it 
seems clear that as with other parts of the world dementia is a major problem for 
individual sufferers, their families and for states, is likely to increase considerably, is 
associated with poor or no education and is probably under diagnosed. For the Arab 
world, including the Kingdom of Saudi Arabia, a particular issue regarding diagnosis 
is the absence of linguistically and culturally relevant neuropsychological 
assessment tools. The MMSE with all its drawbacks is the only available instrument 
which has been validated in Arabic (Al Rajeh et al., 1998).  
In the Kingdom of Saudi Arabia (KSA) the number of specialised centres for the 
assessment and treatment of dementia is very limited. The profession of clinical 
neuropsychology is in its infancy meaning there is little in the way of translated and 
culturally adapted tools for neuropsychological assessment. Moreover, the number 
of illiterate people in KSA is high (Ministry of Economy & Planning, 2004). There is 
therefore a great need for a brief, easy to administer, culturally adapted and 
sensitive cognitive test for dementia.  
1.6 Aims of thesis 
The aims of the thesis are: 
• To translate and adapt the ACE-R for use in the Arabic-speaking cultural 
context of Saudi Arabia, designing parallel versions for repeat testing (Chapter 
2). 
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• Examine the validity of the ACE-R in terms of sensitivity/specificity for 
detection of dementia and mild cognitive impairment in literate participants 
(Chapter 3).  
• Examine the test-retest reliability of the Arabic ACE-R in literate participants 
(Chapter 4). 
• Examine the validity of the ACE-R in terms of sensitivity/specificity for 
detection of dementia and mild cognitive impairment in illiterate participants 
(Chapter 5).  
• Examine the test-retest reliability of the Arabic ACE-R in illiterate participants 
(Chapter 6). 
• Collect and report data from a normative sample (Chapter 7). 
• Discuss the findings from the studies with regard to use of the Arabic ACE-R 
in the process of assessing for dementia in literate and illiterate participants 
(Chapter 8).  
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Chapter 2: Development of the Arabic ACE-R –
Translation and Adaptation 
 
2.1 Introduction 
In Chapter 1, it was noted that despite the fact that the Arabic language is one of 
the six official languages of the United Nations and is spoken as a mother tongue by 
more than 300 million people (Lewis, 2009), at the present time there are very few 
neuropsychological assessment tools for which there is an Arabic language version, 
so limiting the ability of clinicians in Saudi Arabia and other Arabic speaking 
countries to comprehensively assess cognition. Furthermore, a major issue for 
populations living in many countries of the Middle East is that there are no cognitive 
assessment tools validated for use with illiterate people. 
Given that the Addenbrooke’s Cognitive Examination-Revised (ACE-R) is a brief, 
sensitive, and easy to administer instrument for the detection of dementia in day to 
day clinical practice, it would appear to be an ideal instrument to consider for use to 
the Saudi Arabian context. Although the ACE-R has been translated into a number 
of different languages there is no Arabic translation of the test. As with other 
countries and languages, for some items of the ACE-R simply translating them into 
Arabic is either not possible or appropriate because they are language specific or 
are not culturally appropriate. As Newman (2007) notes, “to be truly valid and 
reliable, test items must be adapted to the specific country and region in which they 
are employed and local norms must be gathered.”  Given that the ACE-R was 
constructed in a Western environment, the aims of this first stage of the project 
were to determine what, if any, cultural adaptations are needed for the 
Addenbrooke’s Cognitive Examination – Revised (ACE–R) to be reliable and valid 
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in the context of the Kingdom of Saudi Arabia, where the environment and culture 
are markedly different from those of the UK and then to develop an adapted, Arabic 
version of the ACE-R.  
2.2 The adaptation and translation process 
The translation process began with the researcher and three accredited translators 
based in Riyadh, Saudi Arabia attempting a direct translation of each version (A, B 
& C) of the original ACE-R into Arabic. Use of accredited translators provided an 
evaluation of the researcher’s basic translation. For most items there was good 
agreement between the researcher and each of the three translators.  
Following some minor modifications to the researcher’s version and as a further 
check on the translation process, the Arabic translations were then given to three 
new translators also based in Riyadh, who translated them back to English. This 
process demonstrated that the basic translation was satisfactory for many of the  
ACE-R test items. This suggests that the intention of the original authors of the 
ACE-R to provide a test that would be relatively easily translated was at least in part 
achieved. However, for some of the items this straightforward translation is not 
appropriate. Some items are language-specific. For example in the repetition task 
the English word hippopotamus is used as an example of a three syllable word. 
However the Arabic translation of hippopotomous is in fact a two syllable word. 
Other tasks could be easily translated directly into Arabic, but would not to be 
appropriate in the Saudi cultural context. For example, "the name of current Prime 
Minister" in the English version can be translated, but is unfamiliar because in the 
Saudi context, the King has the same role as prime minister. Hence, the term prime 
minister had to be modified.  
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Once translated and adapted versions of the test had been developed (details of 
which are provided below), permission was sought from the University of Glasgow 
Faculty of Medicine Ethics committee for approval to administer the test to healthy 
controls and also patients with a diagnosis of mild cognitive impairment or dementia 
in Saudi Arabia (see Chapter 3 for details).  
Initially, three healthy Saudi students studying for higher degrees in Glasgow and 
aged between 35 and 45 volunteered to do the test. They were able to give 
feedback on a small number of items that needed further modification.  
Next the test was given by the researcher in Saudi Arabia to ten control participants 
who were not suffering from any neuropsychological problems. The healthy controls 
were inpatients at the Department of Urology and the Department of Cardiology at 
King Khalid University Hospital and the Prince Salman Social Centre. This step was 
undertaken to seek impressions of the tool. In addition feedback was obtained from 
Dr Saeed Wahass, Associate Professor of Clinical Psychology and Professor 
AbduAllah Aldayel, who provided linguistic advice on the items in the ACE-R 
dealing with reading (particularly reading of irregular words).  
Approval to administer the test to patients with a diagnosis of mild cognitive 
impairment or dementia was sought from the Faculty of Medicine in King Saud 
University in Riyadh. This enabled participants to be recruited from both the 
outpatient and inpatient clinics in King Khalid University Hospital under the direction 
of Professor Abdul Rahman Altahan, Consultant Neurologist in the Neurology 
Section.  This small number of participants was initially recruited in order to provide 
an initial check on whether the test was understandable and easy to administer. A 
final set of three versions of the Arabic ACE-R was then agreed upon.  
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In the following section, each task in the ACE-R is listed and discussed in terms of 
whether the item has been directly translated or adapted:  
2.3 The Arabic ACE-R 
For each subtest in the ACE-R, the original version and the Arabic version are 
presented, with an account of whether the task has been directly translated or 
adapted.  
2.3.1 Orientation 
In the original version, this task consists of two sets of five questions relating to 
orientation in time and place. Each task is scored out of a maximum of five points.  
For the Arabic version, the orientation questions were directly translated without the 
necessity to make any modification or change. 
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2.3.2. Registration 
This task is the first part of a memory recall task. Three words (Lemon, Key, and 
Ball) are given for recall later. For the Arabic version, the three words were 
translated directly. 
 
 
 
2.3.3 Attention & Concentration 
In the original, this task involves what is known as ‘Serial 7’s’, in which the 
participant is asked to subtract 7 from 100 and then continue for five subtractions. If 
the participant makes a mistake on the arithmetic task, then s/he is asked to spell 
the word ‘World’ and then to spell it backwards.  Each task is scored out of five and 
the best performance is recorded.  
For the Arabic version the first question was translated directly because it consists 
of numbers with simple instructions. As to the second question the English word 
(World) was substituted with the word ‘School’ in the Arabic language because the 
English word consists of 5 letters and when translated into Arabic it becomes 4 
letters. Therefore the researcher considered this not suitable and replaced it with the 
word ‘School’ which consists of 5 letters in the Arabic language. The researcher 
endeavoured to ensure that the replacement word was a high frequency word like 
the original word. There is a small arrow under the second part of question two in 
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this task to indicate that the reverse spelling of the word must be from right to the 
left. This arrow was put in to take into account the circumstances of the application 
although it is not used in the English version.    
 
 
 
 
2.3.4 Memory: Recall 
This task involves the request to recall the three words presented earlier. The task 
is scored out of three. The recall question relating to the three items (Lemon, Key, 
Ball) was translated directly. 
 
 
2.3.5 Memory –  Anterograde Memory 
In the original, this task involved participants being presented with a name and 
address (in the format of a typical UK address) and then being asked to recall them. 
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The task is repeated three times and only performance on the third trial is scored. 
The task is scored out of seven (one point for each element of the name/address 
recalled correctly).  
For the Arabic version, the address was drafted in a way that was consistent with 
address formats in the Saudi environment, which in fact is relatively common in the 
wider Arab world. Consistent with the original test, three versions were created for 
this task. Hypothetical addresses were created so that every version has a different 
address. Terminology for the house location varied so that in one version the term 
‘street’ (Shareaa عراش) is used, in another version it is ‘road’ (Tareeq قيرط)  and in 
the final version it is ‘passageway’ (Mamaer  رمم ). The house number was left 
without change from the three original English versions. Likewise, there were two 
individuals with male names and one individual with a female name which is similar 
to the original English version. 
 
Version A 
 
أ ةخسنلا 
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Version B 
 
ب ةخسنلا 
 
 
Version C 
 
 
 
ـج ةخسنلا 
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2.3.6 Memory – Retrograde Memory 
The original version of the ACE-R asks four questions: 
Name of current Prime Minister. 
Name of the woman who was Prime Minister. 
Name of the USA president. 
Name of the USA president who was assassinated in the 1960's. 
One point is awarded for each answer.  
Some of these are clearly culture-dependent and therefore modifications were 
required. The aim was to ensure that this tool could be used in a variety of Arabic-
speaking countries and not just Saudi Arabia. Different countries have different 
forms of government and therefore questions were drafted in such a way as to try to 
ensure that they would apply in a range of countries. In selecting questions the 
initial aim was to sample semantic knowledge likely to be well-established in most 
healthy control participants.  Various different options were considered, with the 
final set of question being:  
1. "What is the capital city of the country where you live?" 
2. "What is the name of the previous governor of your country?" 
3. “The name of president of the USA”.   
4. "Name of current governor of your country" 
These questions should be suitable for any culture or country regardless as to 
whether they have a king, prime minister, prince, sheikh, or president.  
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2.3.7 Verbal Fluency 
Verbal fluency tests (in which the person has to say in one minute as many words 
beginning with a specified letter or as many examples of a specified semantic 
category) are considered to tap a range of cognitive functions, including (particularly 
in the case of letter fluency) executive functions and (particularly in the case of 
category fluency) semantic knowledge. 
Letter Fluency: The original English version uses the letter P for the verbal fluency 
task. In normative samples, the letter P tends to produces one of the largest 
numbers of associations of any letter and is therefore considered an easy letter 
(Borkowski, et al., 1967).  For the Arabic version, the letter ("M" by Arabic language 
which is written like this م and spoken as meem or ميم in Arabic) was selected. It is 
the thirteenth letter in the Arabic alphabet. It is also considered to have a high 
frequency of associations, with low level of difficulty (Khalil, 2010).  
 
Animal Fluency: This was translated directly. The phrase (you have one minute to 
answer this question) has been added to ensure clarity of instructions for 
participants.  
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For each task in the original a score out of seven is derived based on the number of 
words produced in one minute. It was decided to use the same scoring system 
initially and to examine whether this was effective in contributing to discriminating 
patients with cognitive impairment from healthy controls once data were collected.  
 
 
 
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
52 
 
2.3.8 Language – Comprehension  
In the original, there are two instructions that participants are asked to follow: (1) 
Close your eyes; (2) Take the paper in your right hand. Fold the paper in half. Put 
the paper on the floor. The first task scores one point and the second task is scored 
out of three. For the Arabic version, these instructions were translated directly as 
there was no necessity to amend them.  
The phrase (close your eyes) was written in a large font to be clear for the person 
examined as it is in the English version of ACE-R. The verb (CLOSE) was 
translated into Arabic slang language because it is more commonly used in the 
Arabic culture than the more formal version of the word (and is only used in relation 
to closing eyes). 
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2.3.9 Language – Writing 
The original version involves a request to write a sentence and achieves one point if 
the sentence contains a subject and a verb. This task was translated with minor 
modification of the Arabic grammar which does not need a verb in the sentence to 
be correct.   
 
 
 
2.3.10 Language – Repetition 
This task involves the repetition of four single words and then two short sentences.  
Single words: In the original ACE-R there are four words each of which consists of 
three syllables. The object of the task is to repeat the word correctly. It was not 
appropriate to translate the words directly from English to Arabic because these 
words have only one or two syllables in Arabic. A maximum score of two points is 
awarded if all words are correctly pronounced, with one point for three correct, and 
zero if two or less words were correct.  
In fact most words in Arabic consist of just one or two syllables. Following 
consultation with linguistics experts, we found four words in Holy Quran which 
consist of three syllables. Although rare words, when they were piloted, they did 
appear to be easy enough for participants to pronounce. The meaning of these 
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words in English language are (1) ‘will deal with them on your behalf’ (2) ‘forcing 
them to comply’, (3) ‘giving water of life’, and (4) ‘passing on though generations’.    
 
 
 
Sentences: The second task in the repetition is divided into two parts, involving 
repetition of two short sentences that are relatively challenging in terms of working 
memory and articulation. One point is awarded for each sentence. 
For the first sentence, this was translated directly and nothing was changed. For the 
second sentence several options were considered to have a sentence that consists 
of relatively short words that did not form a common phrase, but which could be 
repeated. After consideration of several options a phrase that in fact maintains a lot 
of the meaning of the original sentence was identified. Later data collection showed 
that this task did seem to contribute to differentiating between the healthy controls 
and patient groups suggesting it was making a useful contribution to the test. 
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2.3.11 Language - Naming 
This task involves naming twelve line drawings of objects, with a total score out of 
12. For the Arabic version, three of the original pictures (the watch, pencil and 
camel) were not changed because they were considered to be familiar to different 
cultures. However, the other nine pictures were substituted after early testing with 
the original items suggested that they may be too unfamiliar in Saudi Society.  
Therefore a set of items that were judged to be neither highly familiar nor very 
infrequent were identified and a professional draftsman was commissioned to draw 
them.  
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2.3.12 Language - Comprehension 
In the original, four questions examining semantic knowledge relating to four items 
in the naming task were asked (with four points). For the Arabic version, four new 
questions were devised: 
1. Point to the picture which is associated with one of the old war tools.  
2. Point to the picture which is associated with the desert 
3. Point to the picture of the object that is associated with hunting. 
4. Point to the picture which is associated with transferring water. 
 
 
 
2.3.13 Language - Reading 
In the original version of this task, there are five irregular words which participants 
are asked to read. Each one is pronounced in a different manner that differs from 
common pronunciation rules. One point is awarded if all words are pronounced 
correctly. These words were not directly translated as the same words in Arabic 
follow conventional pronunciation. In fact, unlike English, Arabic has very few words 
that do not follow conventional pronunciation rules. However, after consultation with 
experts in Arabic linguistics, five Arabic words were identified that do not follow 
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conventional orthography to phonology rules in terms of the letters in the word, with 
correct pronunciation being indicated by the presence of ‘diacritics’ (marks or 
symbols written above the word).   
The first word is “Feema” which has different meanings depending on the context 
in which it is being used, but in general it means ‘what’ or ‘while’.  The second word 
is “Amma” means “about what?” The third word is “Yaseen” is the name of person 
in the Holy Quran in which it refers to the name of a prophet. The fourth word is 
“Tawoos” which means “the peacock”. The last word is “Elah” which means 
“God”.   
 
 
 
2.3.14 Visuospatial abilities – Overlapping pentagons, Cube and Clock 
drawing 
The original English version involves copying two drawings, the overlapping 
pentagons and a cube, and then a clock drawing task that involves drawing a clock 
face, and placing hands at ten past five. One mark is awarded for pentagons, two 
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for the cube and five for the clock. In the Arabic version, the two figures were use 
without change apart from location on the page to accommodate the fact that in 
Arabic is read from right to left (so it is more natural for the figures to be copied to 
be placed to the right hand side). Instructions relating to the clock drawing were also 
translated directly.  
 
 
 
 
2.3.15 Visuospatial abilities – Dot Counting 
This task involves counting arrays of dots, a task that has been shown to be 
sensitive to deficits in single point localisation and visual scanning. The four figures 
from the original version were copied without any change (apart from change in 
page location so that the order of presentation was preserved for right to left 
ordering). 
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2.3.16 Visuospatial abilities – Fragmented letters 
The original English version presents the letters K, M, A, T in a fragmented format, 
a task that has been shown to be sensitive to right posterior hemisphere lesions. 
Four marks are awarded. For the Arabic version, four Arabic letters were selected 
with the following conditions: 
1)  Not to be easily confused between them and other letters. 
2) To have no dots (some Arabic letters have dots with the letter).  
3) Not to create the impression with the fragmentation that there are dots over or 
under the letters.  
Following many trials with different letters and the fragmentation process, the letters 
that were included were the Arabic equivalents of the letters M, L, H, and W. 
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2.3.17 Recall 
This test involves recall of the name and address presented earlier, with a 
maximum of seven points. For the Arabic version, the format of the original task was 
retained (using of course the Arabic names/addresses) 
Version A 
 
أ ةخسنلا 
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Version B 
 
ب ةخسنلا 
 
Version C 
 
ـج ةخسنلا 
 
 
2.3.18 Recognition 
In the original version, a recognition test is carried out if the participant fails one or 
more items in the recall task. Those items not recalled are then tested in a 
recognition format in which three alternatives are offered for each item and the 
participant is asked to select the correct item. For the Arabic version the format was 
retained, apart from replacement with culturally relevant options as per the recall 
task. 
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Version A 
 
أ ةخسنا 
 
Version B 
 
ب ةخسنلا 
 
Version C 
 
`ـج ةخسنلا  
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2.3 Subscale scores 
In the original English version, from the individual tasks a total score and five 
subscale scores are calculated. The maximum total score is 100. The subscale 
scores are (1) Attention and Orientation (18 points); (2) Memory (26 points); (3) 
Fluency (14 points); (4) Language (26 points) and (5) Visuospatial (16 points). The 
same scoring system was used for the Arabic version of the test for use with literate 
participants.  
2.4 Arabic ACE-R for literate and illiterate participants.  
As discussed in Chapter 1, a major issue in relation to dementia assessment in 
many countries of the Arab region is low levels of education and literacy, something 
that is particularly relevant to older adults. Thus the intention was to examine 
whether the Arabic ACE-R is useful in assessing for dementia in people who are 
illiterate. A validation study addressing this question is presented in Chapter 5. For 
that study the Arabic ACE-R was administered excluding tests requiring reading or 
writing, which included: Fragmented Letters; Reading (Instruction & Irregular 
words); and Writing tasks. This meant that 7 points were excluded from the original 
100 point test format. Thus for each domain of cognition examined the following 
maximum points were available:: attention/orientation (18 points), memory (26 
points), fluency (14 points), language (23 points), visuospatial (12 points) and the 
maximum total score is 93.   
2.5 Recruitment and assessment of participants 
In order to recruit and assess a sufficient number of participants for the studies, 
participants were recruited from several hospitals and a large social centre for 
retired people in Riyadh, Saudi Arabia. Patient participants were recruited via 
hospitals including: King Fahad National Guard Hospital under the umbrella of King 
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Abdul-Aziz Medical City; King Khalid University Hospital under the umbrella of King 
Saud University; King Saud Medical Complex under the umbrella of the Ministry of 
Health; Dallah Hospital; and Almubarak Hospital. Patient participants who met the 
inclusion criteria were identified by Consultant Neurologists in each hospital. 
Healthy controls were recruited from amongst family and friends of patients at the 
hospitals and from Prince Salman Social Centre, Riyadh.  Given the size of Riyadh, 
the number of hospitals from which recruitment was to take place and the number of 
participants that it was intended to recruit, it was impractical for the researcher 
alone to assess a sufficient number of participants required.  Hence a number of 
research assistants were enlisted to assist with data collection. In order to do this, 
the researcher contacted the Neurological Departments of five hospitals and the 
biggest social centre for retired people to ask if staff members willing to act as 
research assistants could be identified.  In this way, eighteen research assistants 
were identified, all of whom had experience of working in health or social care 
settings. The assistants were willing to become involved in the research as a 
modest remuneration was offered and the experience they would gain could also be 
beneficial to them in their future studies or careers.  The researcher organized two 
one-day workshops for all the research assistants in order to ensure that they were 
aware of the purpose and of the research, to train them in the administration of the 
Arabic ACE-R and familiarise them with the ethics procedures associated with the 
study.  The researcher held weekly supervision meetings with the assistants to 
ensure fidelity of the assessment process. This approach to data collection enabled 
a sufficient sample of participants to be assessed in both clinical and normative 
groups.  
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 2.6 Conclusion 
Much of the Arabic ACE-R was constructed by relatively straightforward direct 
translation of items from the original English version. As discussed earlier, it was 
noted by Mioshi et al (2006) that one of the aims of the modifications to the original 
ACE was to make a test that could be relatively easily translated/adapted to 
different languages and cultures. It would appear this aim was at least partially 
achieved. However, a number of tasks required adaptation to make them 
linguistically or culturally relevant for use with Arabic speakers, and in particular for 
application in Saudi Arabia.  For some items, particularly those in the language 
domain, there were not straightforward equivalents and so attempts were made to 
develop tasks that would be consistent with the main purpose of the original task. 
The extent to which these tasks are useful in contributing to assessment of 
cognitive impairment (and hence assisting in the diagnosis of dementia) was 
examined in the validation studies.  
In Chapter 3, the first validation study is reported. This examined the use of the 
Arabic ACE-R with literate participants, addressing the question of whether the test 
can distinguish between patients with a diagnosis of Mild Cognitive Impairment, 
dementia of the Alzheimer’s type and healthy controls.  
 
 
 
 
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
66 
 
 
 
 
 
 
CHAPTER 3 
 
Validity of the Arabic ACE-R  
with Literate Participants 
 
 
 
 
 
 
 
  
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
67 
 
Chapter 3: Validity of the Arabic ACE-R with Literate 
Participants 
3.1 Introduction 
Arabic is the official language of 26 countries and is the native language of more 
than 250 million people worldwide. However, there has been very little in the way of 
translation, adaptation and validation of Arabic forms of neuropsychological 
instruments. The Addenbrookes Cognitive Examination- Revised (ACE-R) is a brief 
cognitive screening tool that has been well validated in relation to the assessment of 
cognitive impairments associated with dementia. The present study involved the 
translation, adaptation and validation of an Arabic ACE-R. The study involved data 
collection from both literate and non-literate participants. In this chapter, data from 
the literate participants will be presented and the validity of the Arabic ACE-R was 
examined. Data on non-literate participants will be reported in Chapter 5. The ACE-
R has been demonstrated to be sensitive to the early stages of dementia. In the 
present study a three groups of participants were included – participants with a 
diagnosis of dementia, participants with a diagnosis of Mild Cognitive Impairment 
(MCI) and a group of healthy control participants. The study investigated whether 
the Arabic ACE-R is able to distinguish between healthy controls, patients with 
dementia and patients with MCI. The study also examined the sensitivity, specificity, 
positive predictive value and negative predictive values for optimal cut off points 
identified through Receiver Operating Curve (ROC) analysis. It was hypothesised 
that Arabic ACE-R total scores would be significantly different between healthy 
controls, people with a diagnosis of dementia and people with a diagnosis of Mild 
Cognitive Impairment. Furthermore it was hypothesised that the area under the 
curve data would reflect at least good separation of healthy controls from patients 
with a diagnosis of dementia or mild cognitive impairment.  
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3.2 Method 
3.2.1 Participants 
Data was collected from three samples: (1) Healthy literate participants (N=147); (2) 
Literate participants with a clinical diagnosis of dementia of the Alzheimer’s type 
(DAT) (N=44). (3) Literate participants with a clinical diagnosis of Mild Cognitive 
Impairment (MCI) (N=10). Independent neurologists who were blind to Arabic ACE-
R scores made the clinical diagnoses. Diagnosis of dementia was made on the 
basis of ICD 10 criteria. Diagnosis of MCI was based on criteria of patients' 
subjective complaints of memory impairment, where possible corroborated by a 
relative, essentially preserved activities of daily living and not meeting criteria for 
dementia (Petersen and Morris, 2005).   
Participants were 50 years of age or older, had Arabic as their first language, had 
adequate vision and hearing to complete the assessment, and no history of 
substance abuse (alcohol or drugs) or previous psychiatric disorder.  
Patient participants were recruited via hospitals in Riyad, Saudi Arabia including: 
King Fahad National Guard Hospital under the umbrella of King Abdul-Aziz Medical 
City; King Khalid University Hospital under the umbrella of King Saud University; 
King Saud Medical Complex under the umbrella of the Ministry of Health; Dallah 
Hospital; and Almubarak Hospital. Healthy controls were recruited from amongst 
family and friends of patients at the hospitals and from Prince Salman Social 
Centre, Riyadh.   
Demographic information including age, gender, handedness, and level of 
education were collected from each participant.  
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Ethical approval for the study was granted by the University of Glasgow Faculty of 
Medicine Ethics committee and approval was also gained from each of the 
participating hospitals. Participants were provided with an information sheet 
detailing the study. Following the opportunity to read the sheet and ask questions 
about the study, participants gave written consent to participate. The Arabic ACE-R 
was then administered. 
3.2.2 The Arabic ACE-R 
The ACE-R consists of 5 sub-scales. Each sub-scale concentrates on one cognitive 
dementia as follows: attention/orientation (18 points), memory (26 points), fluency 
(14 points), language (26 points), visuopatial (16 points) and the highest score is 
100.  
The ACE-R was translated into Arabic (and back-translated by independent 
translators to check for accuracy). Some items were adapted for use in an Arabic 
cultural context. Consistent with the original version in English, three different 
versions were developed (Version A; Version B and Version C), which differ just in 
terms of the name and address used for the memory recall task. A detailed 
description of the translation and adaptation process is provided in Chapter 2.  
The Arabic ACE-R, like the original, usually takes about 15 to 20 minutes to 
administer.  The version of the tool to use with each person was randomised. 
Detailed comparisons of performance on the different versions are presented in 
Chapter 7.  
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3.3 Results 
Initially, 147 healthy controls, 44 DAT and 10 MCI patients were recruited. 
Demographic data collected included age, gender, handedness and level of 
education achieved. In relation to level of education, an ordinal scale of different 
levels of education was developed in order to compare highest level of education 
achieved between groups of participants. This went from 0 (no education) through 
to 11 (PhD), and is shown in Table 3.1. Demographic data on the participants are 
presented in Table 3.2. 
Table 3.1: Ordinal scale reflecting different levels of education achieved 
Level Level of education 
0 No education 
1 Attended some elementary school 
2 Completed elementary school 
3 Attended some intermediate school 
4 Completed intermediate school 
5 Attended some of high school 
6 Completed high school 
7 Diploma 
8 Batchelors 
9 Higher Diploma 
10 Masters 
11 PhD 
 
Table 3.2: Demographic data on initial samples of literate participants 
 Healthy MCI DAT 
Number  147 10 44 
Gender m/f 115/32 8/2 31/13 
Mean (S.D) age 61.41 (7.55) 64.00 (7.42) 64.45 (6.82) 
Education (median) 6 5 4 
Handedness R/L 121/26 7/3 33/11 
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Figure 3.1 presents a histogram of the distribution of Arabic ACE-R total scores 
across the whole sample.  
 
Figure 3.1 Histogram of the distribution of ACE-R total scores across the 
whole sample 
An examination of the distribution of the Arabic ACE-R total score data for the 
healthy controls showed that the distribution was not normally distributed (Shapiro 
Wilk =0.951, p<0.001). Given that the data did not meet assumptions for parametric 
data analyses, and given that one of the groups was very small, non-parametric 
analyses were undertaken in subsequent analyses.  
Krushkal Wallis analysis showed that there was a significant difference in the ages 
of the different the groups (Chi-square = 7.83; df=2, p=0.020). Therefore the 
question of whether there was a relationship between age and performance on the 
primary outcome measure (Arabic ACE-R total score) was examined. Correlation 
analysis for the healthy control data showed that there was a significant correlation 
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between age and Arabic ACE-R total (rho= -0.568, p<0.001). However, given that 
non-parametric analysis was to be performed, it was not possible to simply include 
age as a covariate in analyses. 
In order therefore to compare groups without the confounding effect of age, it was 
necessary to match the groups more closely in terms of age. A much larger number 
of healthy control participants had been recruited in order to collect normative data 
for the test and this included a number of people between the ages of 50 and 55, of 
whom there were almost none in the patient sample. Therefore participants in the 
healthy control sample under the age of 55 were removed. The age of 55 was 
selected as the cut off point as all of the patient participants apart from one were 
above this age. One participant with a diagnosis of dementia who was considerably 
older than any controls was also removed. Table 3.3 presents data on the revised 
samples. 
Table 3.3: Demographic data on revised samples of literate participants 
 Healthy MCI DAT 
Number 129 10 43 
Gender m/f 102/27 8/2 30/13 
Mean (S.D) age 62.77 (7.05) 64.00 (7.42) 64.09 (6.46) 
Education (median) 6 5 4 
Handedness R/L 104/25 7/3 32/11 
 
In the revised sample there was no difference in age between the groups (Chi-
square=2.229, df=2, p=0.328). There was also no significant difference in level of 
education (Chi-square =5.416, df=2, p=0.067) or gender ratio (Chi Squared= 1.629, 
df=2, p=0.443) or handedness (Chi Squared= 1.200, df=2, p=0.549).  
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Table 3.4 presents the median scores for performance of each of the groups on the 
Arabic ACE-R and the Arabic ACE-R subscales. Figures 3.2 – 3.7 provide boxplots 
for the data on Arabic ACE-R Total and subscale scores.  
Table 3.4: Median scores for performance of each group on the Arabic ACE-R 
Total and the Arabic ACE-R sub-scales.  
Test  Healthy MCI DAT 
Arabic ACE-R Total (Max=100) 84 65 54 
Arabic ACE-R Attention & Orientation (Max = 18) 18 13 12 
Arabic ACE-R Memory (Max=26) 23 16 12 
Arabic ACE-R Fluency (Max=14) 7 6 6 
Arabic ACE-R Language (Max=26) 24 19.50 19 
Arabic ACE-R Visuospatial (Max=16) 13 8 6 
 
Figure 3.2 Boxplot for Arabic ACE-R data showing median, lower and upper 
quartiles, and largest values that are not outliers.  
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Figures 3.3 – 3.7 Boxplots for Arabic ACE-R sub-scale data showing median, 
lower and upper quartiles, largest values that are not outliers, outliers 
(defined as more than 1.5 box lengths above or below the box and marked 
with a o) and extreme cases (defined as more than 3 box-lengths above or 
below the box and marked with a *). 
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Consistent with negative skew of the total score, it is clear from the boxplots that 
several subscale scores were negatively skewed towards a ceiling for the healthy 
controls. This was particularly evident for the Orientation, Language and 
Visuospatial subscales. Within the language scale, the naming test was relatively 
easy for healthy controls, with most scoring near full marks. However, there was a 
much wider range of performance amongst patient participants, as one would 
expect. The range of scores for the MCI patients was much smaller than for the 
other two groups, though this sample only consisted of 10 participants and therefore 
chance sampling may account for this finding.  
Krushkal-Wallis analysis comparing the three groups showed significant differences 
on all of the test measures (p<0.001). Results from the post-hoc analysis using 
Mann-Whitney tests to examine differences between each of the pairs of groups are 
shown in Table 3.5. The table also shows effect sizes (r) for each of the differences. 
Table 3.5: Results from the post-hoc analysis using Mann-Whitney tests to 
examine differences between each of the pairs of groups 
Test  Healthy vs 
MCI 
Healthy vs 
DAT 
MCI vs DAT 
Arabic ACE-R Total Z= -4.990** 
r=.423 
Z= -9.476** 
r=.722 
Z= -2.449* 
r=.336 
Arabic ACE-R Attention & 
Orientation 
Z= -4.158** 
r=.352 
Z= -8.082** 
r=.616 
Z= -1.583 ns 
r=.217 
Arabic ACE-R Memory Z= -4.569** 
r=.387 
Z= -8.163** 
r=.622 
Z= -2.057* 
r=.282 
Arabic ACE-R Fluency Z= -2.714** 
r=.230 
Z= -3.038** 
r=.231 
Z= -0.471 ns 
r=.064 
Arabic ACE-R Language Z= -4.342** 
r=.368 
Z= -7.811** 
r=.595 
Z= -0.343 ns 
r=.047 
Arabic ACE-R Visuospatial Z= -2.970** 
r=.251 
Z= -7.428** 
r=.566 
Z= -2.247* 
r=.308 
*p<0.05    ** p<0.01   ns = not significant 
To explore the sensitivity and specificity of specific cut-off points on the Arabic ACE-
R to detection of cognitive impairment associated with dementia and mild cognitive 
impairment, a series of Receiver Operating Curve (ROC) Analyses were 
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undertaken. Two different ROC analyses were undertaken. The first examined the 
separation of healthy controls from all the patients combined (i.e. separating 
controls from DAT/MCI combined). The second examined the separation of DAT 
patients and MCI patients. For these analyses, Arabic ACE-R totals were used.  
3.3.1 Healthy Controls vs Patients (MCI/DAT) 
Figure 3.8 shows the ROC curves (Sensitivity plotted against 1-specificity) for the 
Arabic ACE-R Total score. The Area Under the Curve analysis statistic for the 
Arabic ACE-R was 0.991 which reflects the strong separation of the positive cases 
(DAT/MCI) from the healthy controls.  
 
 
Figure 3.8 ROC curve for the ACE-R Total score comparing healthy controls 
with patients (MCI/DAT) 
 
The ROC analysis demonstrated that a cut-off point of 70 on the ACE-R had a 
sensitivity of 1.000 and specificity of 0.946, reflecting the excellent separation of 
patients and controls. However, it also reflects some overlap for a small number of 
participants.  
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3.3.2 MCI vs DAT 
Figure 3.9 shows the ROC curves for the ACE-R Total score. The Area Under the 
Curve analysis statistic was 0.750 reflecting fair separation of the positive cases 
(dementia) from the MCI patients (albeit much weaker than the separation between 
controls and DA/MCI combined). 
 
Figure 3.9 ROC curves for the ACE-R Total score comparing MCI and DAT 
patients 
The ROC analysis demonstrated that a cut-off point of 63 on the ACE-R had a 
sensitivity of 0.698 and specificity of 0.700, reflecting a relatively poor separation of 
DAT patients from the MCI with much overlap of scores for participants.  
Given that it had been demonstrated that there was a relationship between Arabic 
ACE-R performance and age, further analyses were undertaken on separate age 
bands. Table 3.6 therefore presents the results of ROC analyses including Area 
Under the Curve statistics, cut-off points and their associated sensitivities and 
specificities for each of two age bands (<60 years and ≥60 years). For the ≥60 
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years group data relating to two cut-off points are presented to illustrate the impact 
on sensitivity and specificity of varying cut points.  
Table 3.6: ROC analyses including Area Under the Curve statistics, cut-off 
points and their associated sensitivities for each of two age bands (<60 years 
and ≥60 years). 
 
Area under curve Cut off Sensitivity Specificity 
<60 years  0.999 68 0.929 1.000 
≥60 years 
 
0.986 69 
65 
1.000 
0.821 
0.947 
0.960 
In addition to calculation of sensitivity and specificity, positive and negative 
predictive values were also calculated. The positive predictive value (PPV), 
sometimes called the post-test probability, refers to the probability that an individual 
who is predicted by a test to have the condition of interest actually has the 
condition. The negative predictive value (NPV) refers to the probability that a test is 
correct when it predicts that the condition is absent (Smith, Ivnik and Lucas, 2008). 
Unlike sensitivity and specificity, positive and negative predictive values are 
influenced by the base rate (BR) of the condition of interest. The base rate is the 
proportion of people in the population, or a relevant reference sample, who have the 
condition of interest (i.e. the prevalence of the condition). The relevant reference 
sample depends on the nature of the context in which testing is taking place. For 
example, if assessment is taking place in the context of a memory clinic where quite 
a large proportion of people being tested will have the condition of interest (e.g. 
dementia) the base rate will be quite high. However if testing is taking place as part 
of some form of population level sampling (e.g. a large survey of an entire 
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community), then the base rate will be much lower, and closer the actual prevalence 
in the population as a whole.  
Positive predictive value and negative predictive value are related to sensitivity (Sn), 
specificity (Sp) and base rate (BR) as follows: 
PPV =  BR*Sn / {(BR*Sn) + [(1-BR)*(1-Sp)]} 
 
NPV =  (1-BR)*Sp / {[(1-BR)*Sp] + [BR*(1-Sn)]} 
The question therefore arises as to what is the most appropriate base rate figure to 
use. Mioshi et al. (2006) presented data for a range of base-rates that would reflect 
possible base rates in different contexts, ranging from 5% to 40%. As noted in 
Chapter 1, data on prevalence of dementia in Saudi Arabia is scarce. In Bowirrat et 
al.’s (2001) study of the prevalence of dementia in an elderly Arab Israeli 
population, prevalence ranged from 8% in those under 70 to 51% in those over 80.  
Here we therefore present PPV and NPV figures for base rates ranging from 5% to 
50%. The upper figure is likely to be closer to the base rate for presentation within a 
memory clinic context. Table 3.7 provides PPV data for the sample as a whole and 
for each age band, based on sensitivity and specificity data obtained from the 
samples and Table 3.8 provides NPV data for the sample as a whole and for each 
age band.  
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Table 3.7 PPV data for the sample as a whole and for each age band, based on 
sensitivity and specificity data obtained from the samples.  
 
 
Table 3.8 NPV data for the sample as a whole and for each age band, based 
on sensitivity and specificity data obtained from the samples.  
Age 
Bands 
ACE-R       
Cut offs 
Sensitivity/ 
Specificity 
Negative Predictive Value at different 
rates 
  5% 10% 20% 40% 50% 
Whole 
sample 
70 1.000/0.946 1.000 1.000 1.000 1.000 1.000 
<60yrs 68 0.929/1.000 0.996 0.992 0.982 0.954 0.933 
≥60yrs 69 
65 
1.000/0.947 
0.821/0.960 
1.000 
0.990 
1.000 
0.979 
1.000 
0.955 
1.000 
0.889 
1.000 
0.842 
 
3.4 Discussion 
This study investigated the validity of an Arabic version of the ACE-R. The results of 
the study suggest that the Arabic ACE-R is a valid tool for the assessment of 
dementia in Arabic-speaking people. There were significant differences between 
each of the three groups examined – Mild Cognitive Impairment, Dementia of the 
Alzheimer’s type and healthy controls. As the MCI group was small, Receiver 
Operating Curve (ROC) analyses were conducted on the combined MCI/DAT group 
Age 
Bands 
ACE-R       
Cut offs 
Sensitivity/ 
Specificity 
Positive Predictive Value at different 
rates 
  5% 10% 20% 40% 50% 
Whole 
sample 
70 1.000/0.946 0.494 0.673 0.822 0.925 0.949 
<60yrs 68 0.929/1.000 1.000 1.000 1.000 1.000 1.000 
≥60yrs 69 
65 
1.000/0.947 
0.821/0.960 
0.498 
0.519 
0.677 
0.695 
0.825 
0.836 
0.926 
0.931 
0.950 
0.953 
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compared with the healthy control group. Levels of sensitivity/specificity were high. 
For a cut-off point of 70 (70 or below indicating presence of disease), sensitivity was 
1.000 and specificity was 0.946. The positive and  negative predictive values (PPV 
and NPV) were also high, particularly for base rates that are likely to be closer to 
those found in clinical practice (e.g. in a memory clinic) where a relatively large 
proportion of people referred are likely to have dementia, at least compared to wider 
population levels. At lower levels of the base rate such as the 5% rate, PPV levels 
drop considerably (to 0.494 for the whole sample) though NPV levels remained 
robust (1.000 for the whole sample, dropping to 0.990 for the 65 cut off point in the 
≥60 year old group). These data highlight that as base rates drop, the proportion of 
people predicted by a test such as the Arabic ACE-R to have dementia who actually 
have the condition will drop considerably. However, as noted, the most common 
situations in which a test such as the Arabic ACE-R will be used are clinical 
situations where the actual base rates are considerably higher.  
It is notable that the cut-offs are lower than those of the original validation study for 
the ACE-R (Mioshi et al., 2006) or for some of the translated/adapted versions. For 
example, in Mioshi et al.’s (2006) study, which was in Cambridge, UK, data for two 
cut-off points (88 and 82) were provided as sensitivity/specificities differed between 
them - the sensitivity of the cut-off 88 was 0.94 and the specificity was 0.89, while 
the sensitivity of 82 was 0.84 and the specificity 1.00.  In Yoshida et al. (2011) 
which was examining a Japanese version, the cut-offs point suggested were 88/89 
for MCI and 82/83 for Dementia. The sensitivity of 88/89 was 0.87 and the 
specificity was 0.92 while the sensitivity of 82/83 was reported to be 0.99 and the 
specificity was 0.99. For the Korean version (Kwak et al., 2010), the optimal cut-off 
was slightly lower at 78 (sensitivity 0.93; specificity 0.95). The mean/median score 
on the Arabic ACE-R for healthy controls (mean 83.8, median 85) is lower than for 
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the UK sample (mean 93.7) and Japanese sample (mean 93.3)  but similar to the 
Korean sample (mean 80.7).  There would appear to be several possible reasons 
for the lower scores on the Arabic ACE-R (at least as compared with the UK and 
Japanese samples).  One possibility is that the adapted items are more difficult than 
the originals. The original ACE-R is relatively easy for most healthy controls (hence 
a mean score that is not far off the maximum possible) and so this potentially masks 
a wider range of ability amongst healthy controls within the cognitive domains being 
examined. If the Arabic ACE-R items are more challenging, then one might expect a 
wider range of performance (which was evident) and hence an overall lower level. 
Another potential explanation is that the sample of Saudi healthy controls has a 
wider range of general intellectual ability/education that limits performance on the 
test. Given that levels of education, particularly amongst older Saudis are lower 
than those of people in the UK and Japan, it may be that education and a familiarity 
with tests of this sort played a part in the lower performance on the task. In terms of 
‘difficulty’, some tasks (e.g. Orientation, Naming) were in fact apparently easy, at 
least for healthy controls who showed strongly skewed data, with close to ceiling 
performance for many people. For the Memory and Fluency subscales the scores 
amongst healthy controls were not at ceiling. The Memory subscale data was 
negatively skewed in controls, but showed a relatively long tail. For Fluency the data 
were normally distributed and off the ceiling (and floor) for all groups.   Although the 
overall performance of healthy controls was lower in terms of total scores, the 
sensitivity/specificity of the Arabic ACE-R remained high. Again here this was in part 
because the scores from the patient groups were substantially lower than the 
controls, so separating them with very little overlap. One issue relevant to this 
finding is that only a small number of people with a diagnosis of MCI were recruited, 
and most people who took part already had a diagnosis of dementia. Within Saudi 
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culture, there is a strong tradition within families of caring for elderly relatives and it 
may therefore be that people tend to present to services somewhat later than 
people might in countries such as the UK and Japan. Development of services and 
awareness of dementia may also be less in Saudi Arabia. Furthermore, a wider lack 
of awareness of the symptoms of dementia may again mean that changes are not 
recognized as potentially abnormal. Bener and Ghuloum (2011) noted that stigma 
associated with mental illness is particularly high in the Middle East. In a study of 
3,300 Qatari and other Arab expatriates they concluded that knowledge of common 
mental illnesses was generally poor and this was particularly the case amongst 
women in their sample. Thus there would appear to be multiple reasons why people 
who are beginning to experience symptoms of dementia may not present to 
services until there is clear impairment or functional difficulties. It may therefore be 
that for this reason the patients who took part in this study were not at the very 
earliest stages of dementia (albeit some of the MCI patients were) and this 
contributed to clear separation of the patient group from the healthy control group. 
Other measures of severity of dementia were not available during this study, though 
it would have been useful to have some other measure of severity of impairment 
and functional disability such as the Clinical Dementia Rating Scale (Hughes et al., 
1982) to provide some comparison with studies from other countries. In time as 
services, and awareness of those services develop, it would be useful to re-
examine the sensitivity/specificity of the Arabic ACE-R. Another approach to 
defining impairment on cognitive tests is by defining a percentile value of healthy 
controls’ performance (most commonly the 5th percentile) as a cut-off for 
impairment. This approach is examined in Chapter 7.  
Although overall scores for the Arabic ACE-R were lower than the original English 
version, the Arabic ACE-R also showed a skewed distribution amongst the healthy 
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participants, with the majority of scoring towards the top end of the scale. Whilst not 
quite showing a ceiling effect, it does suggest that the majority of participants can 
do most of the scale with relatively little difficulty. Most cognitive abilities (e.g. 
memory) show a range of performance in the healthy population when the 
challenge is greater (e.g. in memory tasks using more items such as in story recall 
or word list tasks).  What this may mean is that the scale may not be sensitive to 
mild impairments in a cognitive ability. This may not be a problem if the task is to 
identify the presence of dementia (i.e. sufficient impairment of cognition to impact 
on the ability to carry out everyday activities) but may mean that the test is 
insensitive to mild impairment. In the present study all patient participants had a 
diagnosis of either MCI or DAT, but there were only 10 MCI cases. Hence, it is 
difficult to draw firm conclusions regarding the diagnostic sensitivity/specificity of the 
Arabic ACE-R to MCI. However the overall pattern of performance of the different 
participant groups was broadly similar to previous studies. Consistent with what one 
would expect (Mioshi et al., 2006; De jager et al., 2003; Grundman et al., 2004) it 
was the memory subscale that showed the largest difference of all the subscales 
when the MCI group were compared with the healthy controls, though there were 
significant group differences between the MCI group and the healthy controls on all 
of the subscales, which suggests that although this group of 10 participants had a 
diagnosis of MCI, it is possible that they were not at the very earliest stages of a 
progressive process. This again suggests that further research is needed to 
examine the sensitivity of the test to the very early stages of MCI/dementia.  
It was noteworthy that the Fluency subscale, which combines letter fluency and 
category fluency showed the lowest difference between the groups. This was a little 
surprising as verbal fluency is considered to reflect, to some extent, executive 
functions, and category fluency reflects semantic memory integrity, both of which 
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may be affected in dementia (Hall et al., 2012), though to the best of our knowledge 
this has not been formally demonstrated in Arabic speakers. Amongst the groups 
there was a wide range of performance on these tasks with no ceiling or floor 
effects apparent. As noted in Chapter 2, the Arabic letter meem was selected as it is 
a relatively high frequency first letter in Arabic words (Khalil, 2010). One possibility 
therefore was that the letter choice made the task too easy and hence non-
discriminating. However, as noted there was no ceiling effect with a wide range of 
performance amongst healthy controls. In relation to category fluency, the 
performance of healthy controls was broadly similar to normative data from healthy 
English speakers with up to 8 years of education, and a little lower than more 
educated English speakers (see Strauss, Sherman and Spreen, 2006, p 510). It is 
therefore not clear why this subscale did not show greater sensitivity to dementia 
and this is an area that would benefit from further investigation.  
Some observations on the test items also emerged from testing participants, 
highlighting some of the challenges of adapting existing tools to a new cultural 
context. For example, on the orientation task, a question about the season was 
retained from the original English, but within the context of Saudi Arabia it is the 
case that seasons are perhaps a less distinct concept than in Western Europe 
because of the nature of the environment and desert climate. In fact, there are only 
two very clear seasons, winter and summer. Whilst autumn and spring can be 
defined in the region, they are less distinct and shorter periods than elsewhere. 
Furthermore, given that the Islamic calendar is tied to movement of the moon rather 
than movement around the sun, this means that particular seasons are not as 
clearly linked to a particular time in the calendar in the way they are with a 
Gregorian calendar. This again means that the concept of a season may be 
considered less strong than in other countries. Thus scoring was essentially 
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adjusted so that a response of winter or summer was accepted as long as the 
answer was consistent with the weather in the transition period between summer 
and winter (and vice-versa). 
A major advantage of the ACE-R over other briefer cognitive screening tools is that 
it examines more domains of cognition than many others whilst still remaining 
relatively brief to administer (Cullen et al., 2007). However it should be 
acknowledged that it is nevertheless still longer than some other tests, taking about 
15-20 minutes to administer compared to the five minutes or less for some tests 
such as the Mini Mental State Examination. As noted already, the present study 
included participants with memory impairments (by virtue of having a diagnosis of 
MCI or DAT), and so were not presenting with other forms of more focal dementia 
such as fronto-temporal dementia (behavioural variant or semantic dementia) or 
some of the more posterior dementias that tend to present with deficits in 
visuospatial functioning. It is likely that a tool such as the ACE-R (and the Arabic 
ACE-R) would be more sensitive to subtle language, perceptual or executive 
functions than briefer tools, but this remains to be demonstrated in the Arabic ACE-
R.  
The present study was limited to literate participants, but as noted in Chapter 1, a 
large proportion of the population of Saudi Arabia (and the wider Arab world) are not 
literate. There is also evidence of increased rates of dementia in non-literate 
populations. Therefore there is a need for assessment tools that can be used with 
people who are illiterate and this was the focus of the study presented in Chapter 5.  
This chapter has provided evidence for the validity of the Arabic ACE-R. For a test 
to be useful it is also necessary to demonstrate that it is reliable. The following 
chapter examines the reliability of the Arabic ACE-R in a literate sample.  
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Chapter 4: Reliability of the Arabic ACE-R in 
Literate Participants 
4.1 Introduction 
This Chapter examines the reliability of the Arabic ACE-R. Two samples of 
participants were studied, a group of healthy adults and a group of participants with 
a diagnosis of either Mild Cognitive Impairment or Dementia.  
Reliability refers to the consistency of a test, or ‘the regularity with which it [the test] 
generates the same score under similar retest conditions or the regularity with 
which different parts of a test produce similar findings’ (Lezak, et al., 2004, p.109). It 
is critical that a test is shown to be both valid and reliable if it is to be useful in 
clinical practice. The greater the reliability of a test, the more confident one can be 
in a person’s score on any one occasion. Given the importance of an assessment 
for evidence of cognitive impairment that may be associated with a progressive 
disease such as Alzheimer’s disease, it is vital that an individual test score is as 
close as possible to the true score for that person at that time. Furthermore, tests 
such as the Addenbrookes Cognitive Examination may be used to measure decline 
over time to support a diagnosis of a progressive condition, or as means of 
measuring stability (or even possibly improvement) in the context of therapeutic 
interventions such as treatment with cholinesterase inhibitors. To measure change, 
or possibly lack of change, over time, a reliable measure is required, otherwise 
fluctuations in test scores may be interpreted as real changes, but in fact just reflect 
measurement error.  
There are various forms of reliability that can be examined. These include inter-
rater, test-retest, parallel form and internal reliability. Parallel form reliability refers to 
the correlation between scores on two different forms of a test. Internal reliability 
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
89 
 
refers to the consistency with which items within a test or test battery produce 
similar findings and is commonly measured using Cronbach’s alpha. To date in the 
literature, to the best of our knowledge only internal consistency has been examined 
in relation to the original English version, with Mioshi et al. (2006) reporting a 
Cronbach alpha of 0.8. For the Korean version (Kwak et al., 2010) the Cronbach 
alpha was reported to be 0.84. For the Japanese version, Yoshida et al. (2012) 
found Cronbach alpha to be 0.903. Yoshida et al. also examined inter-rater 
reliability which was reported to be good (intraclass correlation coefficient 0.999). 
Test-retest reliability was also examined by testing 21 participants (two controls, 
four MCI and 15 AD patients) four weeks after first testing. It is not stated whether 
the same version of the test was used or whether a parallel version was 
administered on the second occasion. Results showed good test-retest reliability 
(ICC = 0.833).   
The present study examined the parallel form reliability and internal reliability of the 
Arabic ACE-R. 
4.2 Method 
4.2.1 Participants  
The participants for this study were the same as those described in Chapter 3. Data 
was collected from three samples: (1) Healthy literate participants (N=147); (2) 
Literate participants with a clinical diagnosis of dementia of the Alzheimer’s type 
(DAT) (N=44). (3) Literate participants with a clinical diagnosis of Mild Cognitive 
Impairment (MCI) (N=10). For the purpose of the present study, given that the MCI 
group was small, data from this group was combined with the data from the AD 
group. Diagnosis was made on the basis of ICD 10 criteria by independent 
neurologists who were blind to Arabic ACE-R scores.  
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Participants were 50 years of age or older, had Arabic as their first language, had 
adequate vision and hearing to complete the assessment, and no history of 
substance abuse (alcohol or drugs) or previous psychiatric disorder.  
Patient participants were recruited via hospitals in Riyadh, Saudi Arabia including: 
King Fahad National Guard Hospital under the umbrella of King Abdul-Aziz Medical 
City; King Khalid University Hospital under the umbrella of King Saud University; 
King Saud Medical Complex under the umbrella of the Ministry of Health, Dallah 
Hospital, and Almubarak Hospital. Healthy controls were recruited from amongst 
family and friends of patients at the hospitals and from Prince Salman Social 
Centre.   
Ethical approval for the study was granted by the University of Glasgow Faculty of 
Medicine Ethics committee and approval was also gained from each of the 
participating hospitals.  
4.2.2 The Arabic ACE-R 
Development of the Arabic ACE-R was described in Chapter 2. As previously noted, 
three versions (A, B & C) were developed. Each version has same format and much 
of the content is similar. However, consistent with the original version (Mioshi et al., 
2006) each version has different information for the anterograde memory task which 
involves remembering a name and address. All other items are the same in each 
version.  
4.2.3 Procedure 
Following completion of informed consent procedures and recoding of basic 
demographic information, the Arabic ACE-R was administered. The version 
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administered first was selected at random from the three versions. Administration 
takes about 15-20 minutes on average. Participants were then invited to return 
approximately one week later. A different version of the Arabic ACE-R was then 
administered, with the version being randomly selected from the two versions that 
had not been administered previously.  
4.2.4 Analysis 
Data analyses were undertaken for all participants combined and separately for the 
healthy control and patient participant samples. The Arabic ACE-R total score and 
sub-scale scores were examined. To investigate the reliability of the Arabic ACE-R 
the following analyses were undertaken: 
1. The correlation between performance on the ACE-R at the first and second 
assessment occasions. 
2. Data were analysed to determine whether there was any significant difference 
in scores between the first and second assessment occasions.  
3. Data were analysed to determine whether there was any difference between 
versions undertaken in the first assessment. As the version to be used was 
selected at random it was expected that the tests would not differ on average. 
If a significant difference was found this would suggest that one or more test 
may be easier (or more difficult) than the others.  
4. Internal reliability was examined using Cronbach’s alpha to examine 
consistency of scores on the individual items that make up the Arabic ACE-R 
total scores and sub-scale scores.  For a test to be considered to have at least 
acceptable internal consistency, it has been suggested that Cronbach’s alpha 
should be at least 0.7 (Cronbach and Shavelson, 2004) 
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Relating to these analyses, the following hypotheses were tested:  
1.  There will be significant positive correlation between ACE-R total and sub-
scales scores on each of the test occasions.  
2. There will be no significant difference in Arabic ACE-R total and sub-scale 
scores on each of the test occasions 
3. There will be no significant difference between scores on each of the three 
versions administered on the first test occasion.  
4. There will be a significant Cronbach’s alpha coefficient, of at least 0.7 or 
greater.  
4.3 Results 
Data from 201 participants was collected in total. Of those, 147 were healthy 
controls and 54 were participants with a diagnosis of either MCI or dementia. Basic 
demographic data are presented in Table 4.1. 
Table 4.1: Demographic data on literate participants 
 Healthy 
Controls 
Patients 
Number 147 54 
Gender m/f 115/32 39/15 
Mean (S.D) age 61.41 (7.55) 64.37 (6.87) 
Education (median)* 6 4 
Handedness R/L 121/26 40/14 
 
* Relates to level of education scale described in Chapter 3, Table 3.1.  
Table 4.2 presents results for parallel form correlation analysis on the Arabic ACE-R 
scores for the whole sample (healthy controls and patients combined) and for 
healthy controls and patients separately. Correlations between scores on the two 
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test occasions are presented. As the data were not normally distributed (see 
Chapter 3), spearman correlations were used.  
Table 4.2: Results for parallel form correlations on the Arabic ACE-R Total 
and sub-scale scores. 
Arabic ACE-R Score Whole 
sample 
(n=201) 
Healthy 
controls       
(n-147) 
Patients 
(n=54) 
ACE-R Total Score .946** .885** .825** 
Attention & Orientation .762** .475** .659** 
Memory .849** .666** .725** 
Fluency .677** .654** .647** 
Language .716** .632** .431** 
Visuospatial .873** .785** .757** 
Table 4.3 presents data from the analyses examining the differences between the 
median scores on each of the parallel forms for the whole sample (healthy controls 
and patients combined) and for healthy controls and patients separately.   
Table 4.3: Results of Wilcoxon tests on parallel forms for the Arabic ACE-R 
Total and sub-scale scores.  
Arabic ACE-R Score Whole 
sample 
(n=201) 
Healthy 
controls       
(n-147) 
Patients 
(n=54) 
ACE-R Total Score Z=-2.224 
p=.026* 
Z=-1.013 
P=.311 
Z=-2.523 
P=.012* 
Attention & Orientation Z-=-1.615 
P=.106 
Z=-1.955 
P=.051 
Z=-.210 
P=.833 
Memory Z=-.390 
P=.696 
Z=-.488 
P=.626 
Z=-.037 
P=.970 
Fluency Z=-.850 
P=.395 
Z=-.171 
P=864 
Z=-1.629 
P=.103 
Language Z=-.548 
P=.584 
Z=-.399 
P=.690 
Z=-1.320 
P=.187 
Visuospatial Z=-.291 
P=.771 
Z=-.274 
P=.784 
Z=-1.033 
P=.302 
 
 
Table 4.4 presents results of the analyses to determine whether there was any 
difference between versions of the Arabic ACE-R undertaken in the first 
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assessment. Results are presented for the whole sample.  Using Kruskal Wallis 
analysis there was no significant difference in the scores of the difference versions 
used at time 1 (Chi Squared = 0.012 p=0.994) or at time 2 (Chi Squared = 0.62, p= 
0.970). As memory is the one item that is different between the versions of the test, 
this item was examined separately. Again using Kruskal Wallis analysis, there was 
no significant difference in the scores of the different versions used at time 1 (Chi 
Squared = 0.263  p=0.877)  or at time 2 (Chi Squared = 1.154, p= 0.562).  
Table 4.4: Median (interquartile range) score of each version of Arabic ACE-R 
administered at time 1 and time 2  
Arabic ACE-R score Whole sample (Time 1) Whole sample (Time 2) 
ACE-R Total score 
Version A (Max=100) 
81 (65 – 88.5) 82 (68- 88.5) 
ACE-R Total score 
Version B (Max=100) 
81 (68 – 87) 83 (68 – 89) 
ACE-R Total score 
Version C (Max=100) 
82 (69.5 – 89) 82 (68 – 88.5) 
Memory score in Version 
A (Max=26) 
22 (15 – 24) 23 (16-24) 
Memory score in Version 
B (Max=26) 
22 (18 – 24) 22 (18-24) 
Memory score in Version 
C (Max=26) 
23 (17 – 24)  22 (16.5 – 24) 
 
Table 4.5 presents the results of the internal reliability analyses using the 
Cronbach’s alpha procedure in relation to the 23 items that make up the total ACE-
R score. Results are presented for the whole sample (healthy controls and patients 
combined) and for healthy controls and patients separately.    
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Table 4.5: Cronbach’s alpha scores for Arabic ACE-R total and sub-scale 
scores at time 1 & time 2 
 
Arabic ACE-R Score 
Whole 
sample 
(n=201) 
Healthy 
controls       
(n-147) 
Patients 
(n=54) 
ACE-R Total Score T1 
ACE-R Total Score T2 
.908 
.909 
.769 
.810 
.819 
.812 
Attention & Orientation T1 
Attention & Orientation T2 
.443 
.535 
.136 
.273 
.379 
.320 
Memory T1 
Memory T2 
.870 
.859 
.698 
.623 
.665 
.646 
Fluency T1 
Fluency T2 
.731 
.725 
.706 
.623 
.771 
.854 
Language T1 
Language T2 
.645 
.690 
.411 
.533 
.523 
.671 
Visuospatial T1 
Visuospatial T2 
.696 
.713 
.613 
.595 
.085 
.399 
 
 
4.4 Discussion 
The results of the analyses in this study suggest that the Arabic ACE-R is a reliable 
instrument.  Consistent with the original version (Mioshi et al., 2006) three versions 
of the tool were created. These differed only in relation to the name and address 
items used to test memory. In this study reliability was examined in two different 
ways as parallel form reliability and internal consistency were tested. Given that 
cognitive screening tools are used to measure change over time it is vital that they 
are shown to have temporal stability, producing the same results on separate 
occasions (when no change is expected). In the present study the Arabic ACE-R 
total score was shown to have good parallel form reliability, with correlations of rho= 
0.946 for the whole sample, rho =0.885 for the healthy controls and 0.825 for the 
patient group. For the subscale scores, correlations varied and while most were 
also reasonable, they were lower than for the total score and for a small number 
(e.g. Language subscale in the patient group) figures were quite low. It is to be 
expected that sub-scale scores would be lower than total scores (reliability will 
increase as number of items increases). For the Language subscale score, there 
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seemed to be a small number of people who improved scores from time 1 to time 2, 
though this was not enough to produce a significant difference between the two 
times, and none of the individual sub-tests that make up the language sub-scale 
score showed a systematic change over time. It does suggest that this scale may 
be less reliable than the other subscales.  
 
As well as correlation between Time 1 and Time 2, it is necessary to examine for 
systematic change between the two time points, as a systematic increase can lead 
to high correlations despite significant change in level of scores. There was no 
evidence of systematic change in scores in the healthy controls. However for the 
patients the analysis suggested there was a significant change from Time 1 to Time 
2 in ACE-R total scores. There was evidence of a small increase in scores, but the 
actual difference was very small such that median scores were actually identical 
(19/26 on each occasion). If one examines mean scores, the mean for the ACE-R 
total at Time 1 was 56.78 and at Time 2 it was 58.33, so that the actual increase 
was 1.55 points on a 100 point scale. This suggests that although there possibility 
of a very small practice effect exists, in practice this is not large enough to have 
implications for interpreting changes in scores over time.  
 
The other approach to examining reliability that was examined was internal 
consistency using Cronbach’s alpha (Cronbach and Meehl, 1955). For the Arabic 
ACE-R alpha was 0.908 in time 1 and .909 in time 2 which are considered excellent 
and consistent with the previous findings from Mioshi et al. (2006) in which alpha 
was 0.80, Kwak et al. (2010) who reported alpha to be 0.84 and Yoshida et al. 
(2011) who found Cronbach alpha to be 0.903. For the subscales the Cronbach 
alpha scores were more varied and some were relatively low. In part this reflects the 
smaller number of items included in each subscale. Furthermore, for some items 
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score ranges are very small, reducing correlations and hence impacting on overall 
Cronbach alpha score. Nevertheless, there were clearly some changes in scores 
which were not systematic (as there were no significant differences from Time 1 to 
Time 2) but highlight that clinicians must be cautious in interpreting small changes 
on sub-scale scores from one occasion to another.  
 
In summary, this study provides evidence the Arabic ACE-R shows good reliability. 
This should give clinicians the confidence to interpret scores at both one-off testing 
sessions and in relation to monitoring of change over time. However the study also 
highlights that the total score is the most reliable measure and it is therefore this 
score that is most useful in forming judgments regarding presence or absence of 
cognitive impairment.  
Chapters 2 and 4 have examined the performance of the Arabic ACE-R in relation 
to use with literate participants. However, as highlighted in the introduction, the very 
large proportion of the population in the Arabic-speaking world is not literate and 
this is the case in Saudi Arabia. The next two chapters therefore present studies of 
the validity and reliability of the Arabic ACE-R with illiterate participants.  
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Chapter 5: Validity of Arabic ACE-R with Illiterate 
Participants 
5.1 Introduction 
As noted in Chapter 1, illiteracy is a major problem in the Arab world, including 
Saudi Arabia. The Saudi 2004 census results show that the percentage of the 
population over 50 who were illiterate was 61%. More specifically, 43% of men and 
80% of women were illiterate.  In several studies, low schooling has been found to 
be a risk factor for dementia (Bowirrat, et.al., 2001; Ott et al., 1995; Korczyn, 
Kahana, Galper, 1991).  
Data on the prevalence of dementia in the Arab world are limited, but a study by 
Bowirrat et al. (2001) examined prevalence of, and risk factors for, dementia in an 
elderly Arab population in Israel. They focused particularly on the relationship 
between educational status and the development of dementia given the high rates 
of illiteracy in this population. Bowirrat et al. found that in a rural community sample 
of 821 people over the age of 60, the prevalence of dementia of the Alzheimer’s 
type (DAT) was 20.5%, with rates sharply increasing with age. This rate is much 
higher than estimates of prevalence in Western populations and 3.9 times higher 
than in a non-Arab population sampled in the same region (Bowirrat et al., 2001, 
p121; Korczyn et al 1991; 1998). Furthermore, prevalence of DAT was very much 
higher amongst illiterate participants (27% in illiterate vs 4% in literate participants). 
Although there are a number of potential confounding factors that might explain this 
relationship, studies such as this highlight the importance of assessing cognition in 
illiterate as well as literate participants. Many tests of cognition, including the 
commonly used screening tools such as the Mini Mental State Examination involve 
tasks that require the ability to read and write. What are needed therefore are tests 
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that can adequately examine the cognitive skills likely to be impaired in dementia 
without making demands on reading or writing skills. The Addenbrookes Cognitive 
Examination – Revised (Mioshi et al. 2006) has been demonstrated to show good 
sensitivity and specificity to dementia in Western populations used in its original 
English form, as well as in a range of other cultures/languages with translated 
versions (e.g. Mathuranah et al., 2004; Carvallho and Caramelli 2007; Kwak et al., 
2010; Yoshida et al. 2012; Heo et al., 2012). One of the tests have been developed 
for use with illiterate Telugu speakers (Mioshi, personal communication) but to the 
best of our knowledge no data have been published on use of the Addenbrookes 
Cognitive Examination with illiterate participants. Chapter 3 presented evidence that 
a translated and culturally adapted Arabic version of the ACE-R also showed good 
sensitivity and specificity to dementia in literate Arabic speakers in Saudi Arabia. 
The present study examined whether a modified version of the Arabic ACE-R was 
useful in the assessment for dementia in an illiterate sample of Arabic speakers in 
Saudi Arabia.  
5.2 Method 
5.2.1 Participants 
Data was collected from two samples: (1) Healthy illiterate participants (N=283; 
including 160 males and 123 females) (2) Illiterate patients with a clinical diagnosis 
of dementia of the Alzheimer’s type (DAT; N= 123, including 74 males and 49 
females) or MCI: (N=46 including 22 males and 24 females). Diagnosis was made 
on the basis of ICD 10 criteria by independent neurologists who were blind to Arabic 
ACE-R scores. Diagnosis of MCI was based on criteria of presence of subjective 
complaints of memory impairment where possible corroborated by a relative, 
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essentially preserved activities of daily living and not meeting criteria for dementia. 
(Petersen and Morris, 2005).  
Participants were 50 years of age or older, had Arabic as their first language, had 
adequate vision and hearing to complete the assessment, and no history of 
substance abuse (alcohol or drugs) or previous psychiatric disorder.  
Patient participants were recruited via hospitals in Riyadh, Saudi Arabia including: 
King Fahad National Guard Hospital under the umbrella of King Abdul-Aziz Medical 
City; King Khalid University Hospital under the umbrella of King Saud University; 
King Saud Medical Complex under the umbrella of the Ministry of Health, Dallah 
Hospital, and Almubarak Hospital. Healthy controls were recruited from amongst 
family and friends of patients at the hospitals and from Prince Salman Social 
Centre. All participants reported being never able to read or write and none had any 
formal schooling. 
Demographic information including age, gender, and handedness were collected 
from each participant.  
Ethical approval for the study was granted by the University of Glasgow Faculty of 
Medicine Ethics committee and approval was also gained from each of the 
participating hospitals. Participants were provided with information about the study 
which was read to them by the researcher. A consent form was also read to the 
participant and following the opportunity to ask questions about the study, 
participants gave consent to participate via a signature or usual mark. In addition a 
relative was asked to countersign the consent form.     
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5.2.2 The Arabic ACE-R 
The ACE-R consists of 5 sub-scales. Each sub-scale concentrates on one cognitive 
dementia as follows: attention/orientation, memory, fluency, language, and 
visuopatial. 
The original English version of the ACE-R was translated into Arabic (and back-
translated by independent translators to check for accuracy). Some items were 
adapted for use in an Arabic cultural context. Consistent with the original version in 
English, three different versions were developed (Version A; Version B and Version 
C), which differ just in terms of the name and address used for the memory recall 
task. A detailed description of the translation and adaptation process is provided in 
Chapter 2.  
For the illiterate participants, the Arabic ACE-R was administered excluding tests 
requiring reading or writing, which included: Fragmented Letters; Reading 
(Instruction & Irregular words); and Writing tasks. This meant that 7 points were 
excluded from the original 100 point test format. Thus for each domain of cognition 
examined the following maximum points were available: attention/orientation (18 
points), memory (26 points), fluency (14 points), language (23 points), visuospatial 
(12 points) and the maximum total score is 93.   
5.3 Results 
283 healthy controls, 123 DAT and 46 MCI patients were recruited. Demographic 
data collected included age, gender, and handedness and are presented in Table 
5.1.  
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Table 5.1 Demographic data on initial samples of illiterate participants 
 Healthy MCI DAT 
Number 283 46 123 
Gender  m/f 160/ 123 22/ 24 74/ 49 
Mean (S.D) age 60.84 (6.57) 62.61 (8.65) 65.46 (5.76) 
Handedness  L/R 62/221 9/37 18/105 
 
 
Figure 5.1: Histogram of the Arabic ACE-R total scores for the whole sample  
(healthy controls, MCI and DAT). 
 
Arabic ACE-R data were examined with regard to normality. A Shapiro-Wilk test 
indicated that data for the whole sample were not normally distributed (W=0.81, df 
452, p<0.001), and this also applied to healthy controls (W=0.958, df 283, p<0.001) 
and to patients (W=0.903, df 169, p<0.001). As a result, non-parametric statistical 
analysis was undertaken. It was noted that the groups were different in age. Data 
on age were examined using a Kruskall Wallis test. This showed a significant 
difference between the groups (Chi Squared 49.08, df 2, p<0.0001). Further 
analysis using Mann Whitney tests revealed no significant difference in the ages 
between Controls and MCI (U=6087, p=0.480), but a significant difference between 
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Controls and DAT (U=9689.50, P<0.001) and between MCI and DAT (U= 1974.00, 
p=0.002). 
Therefore the question of whether there was a relationship between age and 
performance on the primary outcome measure (Arabic ACE-R total score) was 
examined. Correlational analysis for the healthy control data showed that there was 
a modest, but significant correlation between age and Arabic ACE-R total (rho= -
0.291, p<0.001). However, given that non-parametric analysis was to be performed, 
it was not possible to simply include age as a covariate in analyses.  
In order therefore to compare groups without the confounding effect of age, it was 
necessary to match the groups more closely in terms of age. A much larger number 
of healthy control participants had been recruited in order to collect normative data 
for the test and this included a number of people between the ages of 50 and 60, of 
whom there were very few in the patient sample (apart from a few in the MCI 
group). The DAT patients group also contained a number of participants over the 
age of 75, of whom there were very few in either of the other samples.  Therefore to 
remove the confound of age from a comparison of the groups, it was necessary to 
exclude some of the younger controls (all those aged under 59) and younger MCI 
cases (aged under 55) and also to exclude some of the older DAT cases (aged over 
75). Table 6.2 presents data on the revised samples. 
Table 5.2 Demographic data on revised samples of illiterate participants 
 Healthy MCI DAT 
Number 171 39 115 
Gender  m/f 95/76 18/21 66/49 
Mean (S.D) age 64.67 (5.50) 64.38 (8.19) 64.54 (4.73) 
Handedness  L/R 37/134 8/31 18/97 
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In the revised sample there was no difference in age between the groups (Chi-
square=2.519, df=2, p=0.284). There was also no difference in gender ratio (Chi 
Squared= 1.520, df=2, p=0.468) or handedness (Chi Squared= 1.612, df=2, 
p=0.447).  
Table 5.3 presents the median (and interquartile range)  scores for performance of 
each group on the Arabic ACE-R Total and the Arabic ACE-R sub-scales. Figures 
5.2 – 5.7 provide boxplots for the data on MMSE, Arabic ACE-R Total and subscale 
scores. 
Table 5.3: Median (and interquartile range) scores for performance of each 
group on the Arabic ACE-R Total Score and the Arabic ACE-R sub-scales.  
Test  Healthy MCI DAT 
Arabic ACE-R Total (Max=93) 75 (72-78) 61 (57-63) 44 (41-48) 
Arabic ACE-R Attention & Orientation 
(Max=18) 
17 (16-17) 14 (12-15) 10 (8-11) 
Arabic ACE-R Memory (Max=26) 23 (21-24) 16 (15-18) 10 (9-11) 
Arabic ACE-R Fluency (Max=14) 6 (5-6) 4 (3-5) 4 (3-4) 
Arabic ACE-R Language (Max=23) 21 (20-22) 19 (17-20) 17 (16-18) 
Arabic ACE-R Visuospatial (Max=12) 9 (7-10) 8 (6-9) 5 (5-5) 
Figure 5.2 Boxplot for Arabic ACE-R data showing median, lower and upper 
quartiles, largest values that are not outliers and outliers (defined as more 
than 1.5 box lengths above or below the box) 
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Figures 5.3 – 5.7 Boxplots for Arabic ACE-R sub-scale data showing median, 
lower and upper quartiles, largest values that are not outliers, outliers 
(defined as more than 1.5 box lengths above or below the box) and extreme 
cases (defined as more than 3 box-lengths above or below the box 
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As would be expected given that the distribution of total scores was negatively 
skewed, some, but not all, of the subscale distributions were also skewed. For 
example, the orientation subscale was near the ceiling for the healthy controls. For 
the language subscale score, this was off the ceiling, though the distribution of 
scores on the naming test was near the ceiling for many of the healthy participants. 
The visuospatial subscale did not show a marked skew, though it was noteworthy 
that the cube drawing task was clearly challenging for many of the healthy illiterate 
controls, with around 50% scoring zero on this task.  
Krushkal-Wallis analysis comparing the three groups showed significant differences 
on all of the test measures (all p<0.001). Results from the post-hoc analysis using 
Mann-Whitney tests to examine differences between each of the pairs of groups are 
shown in Table 6.4. Correlation effect sizes (r) are also shown.  
Table 5.4: Results from the post-hoc analysis using Mann-Whitney test to 
examine differences between each of the pairs of groups 
Test  Healthy vs 
MCI 
Healthy vs 
DAT 
MCI vs DAT 
Arabic ACE-R Total Z= -9.540** 
r=.658 
Z= -14.334** 
r=.847 
Z= -8.134** 
r=.655 
Arabic ACE-R Attention & 
Orientation 
Z= -7.947** 
r=.548 
Z= -12.789** 
r=.756 
Z= -4.685** 
r=.377 
Arabic ACE-R Memory Z= -8.616** 
r=.594 
Z= -13.206** 
r=.780 
Z= -5.429** 
r=.437 
Arabic ACE-R Fluency Z= -7.064** 
r=.487 
Z= -10.536** 
r=.623 
Z= -.239ns 
r=0.019 
Arabic ACE-R Language Z= -7.145** 
r=.493 
Z= -12.594** 
r=.744 
Z= -3.859** 
r=0.310 
Arabic ACE-R Visuospatial Z= -3.184** 
r=.219 
Z= -10.620** 
r=.627 
Z= -5.277** 
r=.425 
*p<0.05 
** p<0.01 
ns = not significant 
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To explore the sensitivity and specificity of specific cut-off points on the Arabic ACE-
R to detection of cognitive impairment associated with dementia and mild cognitive 
impairment, a series of Receiver Operating Curve (ROC) Analyses were 
undertaken. Two different ROC analyses were undertaken. The first examined the 
separation of healthy controls from all the patients combined (i.e. examining 
separation of the MCI and DAT patients combined from the healthy controls). The 
second examined the separation of DAT and MCI patients 
5.3.1 Healthy Controls vs MCI & DAT 
Figure 5.8 shows the ROC curves (Sensitivity plotted against 1-specificity) for the 
ACE-R Total score comparing healthy controls with patients (MCI/DAT). The Area 
Under the Curve analysis statistic for the ACE-R was 0.997 which reflects the 
strong separation of the positive cases (DAT/MCI) from the healthy controls.  
Figure 5.8 ROC curve (Sensitivity plotted against 1-specificity) for the ACE-R 
Total score comparing healthy controls with patients (MCI/DAT) 
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The ROC analysis demonstrated that a cut-off point of 65 on the ACE-R had a 
sensitivity of 0.961 and specificity of 0.982, reflecting the strong separation of 
patients and controls. However, it also reflects some overlap for some participants.  
5.3.2 MCI vs AD 
Figure 5.9 shows the ROC curves for the ACE-R Total score comparing between 
patients (MCI vs DAT). The Area Under the Curve analysis statistic for the ACE-R 
was 0.936.  
 Figure 5.9 ROC curve (Sensitivity plotted against 1-specificity) for the ACE-R 
Total score comparing healthy controls with patients (MCI/DAT) 
 
The ROC analysis demonstrated that a cut-off point of 52 on the ACE-R had a 
sensitivity of 0.904 and specificity of 0.949, reflecting a good separation of AD 
patients from the MCI with modest overlap of scores for participants.  
Given that it had been demonstrated that there was a relationship between Arabic 
ACE-R performance and age, further analyses were undertaken on separate age 
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bands. Table 5.5 therefore presents the results of ROC analyses including Area 
Under the Curve statistics, optimum cut-off points and their associated sensitivities 
and specificities for each of three age bands (<60 years, 60-69 years and ≥70 
years). For the <60 years group, data relating to two cut-off points are presented to 
illustrate the impact on sensitivity and specificity of varying cut points.  
Table 5.5: ROC analyses including Area Under the Curve statistics, cut-off 
points and their associated sensitivities and specificities for each of three 
age bands (<60 years, 60-69 years and ≥70 years). 
 Area under curve Cut off Sensitivity Specificity 
<60 years 0.997 67 
64 
1.000 
0.930 
0.968 
0.992 
60 – 69 years 0.998 65 0.989 0.984 
≥70years 0.989 64 0.857 1.000 
 
In addition to calculation of sensitivity and specificity, positive and negative 
predictive values were also calculated using the formula presented in Chapter 3. As 
noted in Chapter 3, the positive predictive value (PPV) refers to the probability that 
an individual who is predicted by a test to have the condition of interest actually has 
the condition. The negative predictive value (NPV) refers to the probability that a 
test is correct when it predicts that the condition is absent (Smith, Ivnik and Lucas, 
2008). It was also noted in Chapter 3 that positive and negative predictive values 
are influenced by the base rate (BR) of the condition of interest.  Given that 
prevalence of dementia in older illiterate adults is at least as high, and almost 
certainly higher, than amongst literate adults, it seemed appropriate to use the 
same range of base rates in order to calculate PPV and NPV for the present 
sample. Tables 5.6 and 5.7 provide PPV and NPV data respectively for the sample 
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
111 
 
as a whole and for each age band, based on sensitivity and specificity data 
obtained from the samples.  
Table 5.6 PPV data for the sample as a whole and for each age band, based on 
sensitivity and specificity data obtained from the samples.  
 
 
 
 
 
 
 
 
 
 
 
Table 5.7 NPV data for the sample as a whole and for each age band, based 
on sensitivity and specificity data obtained from the samples.  
 
 
 
 
 
 
 
Age 
Bands 
ACE-R       
Cut 
offs 
Sensitivity/ 
Specificity 
Positive Predictive Value at different 
rates 
  5% 10% 20% 40% 50% 
Whole 
sample 
65 0.961/0.982 0.738 0.856 0.930 0.973 0.982 
<60 
years 
67 
64 
1.000/0.968 
0.930/0.992 
0.621 
0.859 
0.776 
0.928 
0.886 
0.966 
0.954 
0.987 
0.968 
0.991 
60 – 69 
years 
65 0.989/0.984 0.764 0.872 0.939 0.976 0.984 
≥70years 64 0.857/1.000 1.000 1.000 1.000 1.000 1.000 
Age 
Bands 
ACE-R       
Cut 
offs 
Sensitivity/ 
Specificity 
Negative Predictive Value at different 
rates 
  5% 10% 20% 40% 50% 
Whole 
sample 
65 0.961/0.982 0.997 0.996 0.990 0.974 0.962 
<60 
years 
67 
64 
1.000/0.968 
0.930/0.992 
1.000 
0.996 
1.000 
0.992 
0.886 
0.982 
1.000 
0.955 
1.000 
0.934 
60 – 69 
years 
65 0.989/0.984 0.999 0.998 0.997 0.992 0.988 
≥70years 64 0.857/1.000 0.992 0.984 0.965 0.912 0.874 
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5.4 Discussion 
To the best of our knowledge, this is the first study that has reported the 
performance of illiterate participants on the Addenbrooke's Cognitive Examination – 
Revised (ACE-R). The study demonstrated that it was feasible to adapt the ACE-R 
for use with people who cannot read and write, by the exclusion of a small number 
of tasks. The illiterate participants were able to engage with the assessment and 
give responses for all tasks that were appropriate for them. The results suggest that 
the Arabic ACE-R may provide a useful tool for cognitive screening in illiterate 
Arabic speakers. 
Bowirrat et al. (2001) highlighted that rates of dementia of the Alzheimer Type 
(DAT) may be considerably higher amongst the illiterate population compared to the 
literate population. The present study was not epidemiological in nature, but it is 
noteworthy that recruitment rates were considerably greater for illiterate participants 
compared to a parallel study of literate participants (presented in Chapter 3), with 
approximately three times as many illiterate compared to literate participants 
recruited. It is also clear from the most recent census data that in Saudi Arabia rates 
of literacy remain low in older adults, particularly amongst women. These data 
clearly highlight the importance of having assessment tools for screening cognitive 
impairment in people who are illiterate.  
At a group level the data showed that there was a significant difference going from 
healthy to MCI and from MCI to DAT groups (and of course a very large difference 
between healthy and DAT), consistent with previous studies of Mioshi et al. (2006), 
Grundman et al. (2004) and Bozoki et al. (2001).  
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
113 
 
As with the literate participants, the total score and some of the tests (e.g. 
orientation and naming) showed skewed distributions in healthy control participants 
with near ceiling performance on some tasks suggesting some tasks were relatively 
easy for healthy people. By contrast some tasks might be considered to be difficult 
for even healthy controls, as for example around 50% of healthy illiterate 
participants scored zero on the cube drawing task. For the fluency task, the size of 
the difference between the controls and the patients groups was also less than for 
some of the other subscales. There were still large differences between the controls 
and patient groups, though this task did not distinguish the MCI and AD patient 
groups. It was noted in Chapter 2 that the scoring system from the original English 
version of the ACE-R was used. In the current sample overall task performance 
(number of words and animals produced) was lower than for the original sample for 
all groups (Mioshi et al., 2006) raising the question as to whether the scoring 
system could have been modified. The original scoring system was adopted 
because it is relatively fine grained at the lower end of scores (the first four points 
relate to increments of just two additional words for each one point increase on the 
scoring system) and therefore it seemed appropriate to use the same system. 
However, in future research with larger numbers of MCI patients, it would be 
appropriate to examine whether an even finer grain classification of scores at the 
lower end would increase sensitivity to differences between groups. Nevertheless, 
ROC analyses showed that the Arabic ACE-R (using the total score) distinguished 
well between the healthy controls and patients with a diagnosis of either MCI or 
DAT. Thus the optimum cut-off point on the Arabic ACE-R (65) had good sensitivity 
and specificity. The Area Under the Curve data for the Arabic ACE-R (0.997) could 
be classified as excellent.   
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Compared to the literate sample reported in Chapter 3, cut-off scores based on the 
Arabic ACE-R Total score were, as expected, lower - there are seven less points 
available on the version for illiterate participants compared to literate participants. It 
is noteworthy that the cut-off point was, though, only five points below that for the 
literate sample. It is not clear what might account for the difference, though these 
data suggest that the literate participants recruited may have been a little more 
impaired than the illiterate participants (at a group level).  
The finding that the sensitivity and specificity for Arabic ACE-R was very high is 
promising. As discussed in Chapter 3 in relation to literate participants, one caveat 
to this is the possibility that those recruited to the study may not have been at the 
very mildest stage of dementia. As noted, the number of MCI patients was again 
modest, reflecting perhaps that this diagnosis is used less in the Saudi context. It 
was discussed in Chapter 3 that one possibility is that patients do not present to 
services in the very earliest stages of dementia, and perhaps not as early may be 
the case in Western countries. This seems to be the case for both literate and 
illiterate participants. As noted, there is a strong tradition in the Arabic region and 
especially in Saudi Arabia of caring for older people within families. Islamic teaching 
encourages people to respect elderly people and provide care for them. This may 
mean that changes in cognition such as memory changes are normalized and 
accommodated within the family, rather than being attributed to a disease process. 
Furthermore, a wider lack of awareness of the symptoms of dementia may again 
mean that changes are not recognized as potentially abnormal (Bener and Ghuloum 
2011). Thus there would appear to be multiple reasons why people who are 
beginning to experience symptoms of dementia may not present to services until 
there is clear impairment or functional difficulties. Other measures of severity of 
dementia were not available during this study, though it would have been useful to 
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have some other measure of severity of impairment and functional disability to 
provide some comparison with studies from other countries. 
One issue that arises from the possibility that patients were not at the earliest 
stages is that the cut-off points may be lower than might be expected if more 
patients at a very early stage had been included. The other approach to considering 
cut-off points is to base these entirely on data from the healthy controls. Thus in 
Chapter 7, normative data from the healthy illiterate population is presented and 
potential cut-off points derived from this sample are presented.  
In the present study control participants were healthy and not presenting to health 
services with any complaints regarding cognitive functioning. However, in the 
clinical context tests such as the ACE-R are most often used in the context of a 
specialist memory clinic or more general neurology/psychiatry outpatient clinic. 
When people experiencing memory or other cognitive problems are referred to such 
clinics the diagnostic challenge is to determine whether cognitive problems being 
experienced in day to day life are the result of a dementia or some other 
psychological process (e.g. depression, anxiety). The present study does not 
therefore address the question of how effective the Arabic ACE-R is in 
distinguishing between those with mood disorder, but not dementia and those with 
dementia. Future research should investigate this issue.  
Inspection of the Arabic ACE-R subscale scores showed that the effect sizes for the 
differences between the groups varied across the cognitive domains assessed. 
None were as large as the total score. For the comparison between healthy controls 
and both patient groups there were significant differences on all subscales, but 
considerable variations in effect sizes, with the smallest being for the visuospatial 
sub-scale for the healthy vs MCI comparision. This is not unexpected given that a 
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diagnosis of MCI is primarily focused on impairments of memory and one might 
therefore not expect relatively simple perceptual tasks to be markedly impaired in 
this group. The boxplot for this subscale clearly reflects the large overlap in 
performance between the groups. By comparison, in the DAT group, where one 
would expect more widespread impairment, there was a considerably greater 
difference between the groups, including between the DAT and MCI groups.  
This chapter has provided evidence for the validity of the Arabic ACE-R with 
illiterate participants. The following chapter examines the reliability of the Arabic 
ACE-R in an illiterate sample.    
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Chapter 6: Reliability of the Arabic ACE-R in 
illiterate participants 
6.1 Introduction 
As noted in Chapter 5, although one version of the ACE-R (in Telugu) has been 
developed for use with illiterate participants, to the best of our knowledge no data 
have been reported previously on the use of the ACE-R with illiterate participants. 
This Chapter examines the parallel form reliability and internal consistency of the 
Arabic ACE-R with illiterate participants. Two samples of illiterate participants were 
studied, a group of healthy adults and a group of participants with a diagnosis of 
either Mild Cognitive Impairment or Dementia.  
6.2 Method 
6.2.1 Participants 
The participants for this study were the same as those described in Chapter 5. Data 
was gathered from three samples. The first comprised 283 healthy, illiterate 
participants, of whom 160 were male and 123 female, while the second consisted of 
123 illiterate patients (74 male and 49 female) who had been clinically diagnosed 
with DAT and 46 illiterate patients (22 males and 24 females) who had been 
clinically diagnosed with MCI.  The diagnoses were made by independent 
neurologists blind to the Arabic ACE-R scores and based on ICD 10 criteria.  
Patient participants were recruited through hospitals in Riyadh, Saudi Arabia. These 
were King Fahad National Guard Hospital, part of King Abdul-Aziz Medical City; 
King Khalid University Hospital of King Saud University; King Saud Medical 
Complex, run by the Ministry of Health, Dallah Hospital, and Almubarak Hospital. 
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The healthy participants in the control group were recruited from the relatives and 
friends of patients at the aforementioned hospitals and from Prince Salman Social 
Center.  All of the participants stated that they could not read or write and none had 
had any formal education. 
Ethical approval for the study was given by the University of Glasgow Faculty of 
Medicine Ethics committee and was also obtained from each participating hospitals.  
6.2.2 The Arabic ACE-R 
Development of the Arabic ACE-R was described in Chapter 2. As previously noted, 
three versions (A, B & C) were developed. Each version has same format and much 
of the content is similar. However, consistent with the original version (Mioshi et al. 
2006) each version has different information for the anterograde memory task which 
involves remembering a name and address. All other items are the same in each 
version.  
As described in Chapter 5, the Arabic ACE-R was administered to the illiterate 
patients with the omission of tests that required reading or writing. These were 
Fragmented Letters, Reading (Instruction & Irregular words), and Writing tasks. This 
meant that 7 points were missing from the original 100-point test format. Hence, for 
each aspect of cognition tested the maximum points obtainable were: 
attention/orientation (18 points); memory (26 points); fluency (14 points); language 
(26 points); and visuospatial (16 points); with a maximum total score of 93.   
6.2.3 Procedure 
Following completion of informed consent procedures and recording of basic 
demographic information, the Arabic ACE-R was administered. The version 
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administered first was selected at random from the three versions. Administration 
takes about 15-20 minutes on average. Participants were then invited to return 
approximately one week later. A different version of the Arabic ACE-R was then 
administered, with the version being randomly selected from the two versions that 
had not been administered previously.  
6.2.4 Analysis 
Data analyses were undertaken for all participants combined and separately for the 
healthy control and patient participant samples. The Arabic ACE-R total score and 
sub-scale scores were examined. To investigate the reliability of the Arabic ACE-R 
the following analyses were undertaken: 
1. The correlation between performance on the ACE-R at the first and second 
assessment occasions. 
2. Data were analysed to determine whether there was any significant difference 
in scores between the first and second assessment occasions.  
3. Data were analysed to determine whether there was any difference between 
versions undertaken in the first assessment. As the version to be used was 
selected at random it was expected that the tests would not differ on average. If 
a significant difference was found this would suggest that one or more test may 
be easier (or more difficult) than the others.  
4. Internal reliability was examined using Cronbach’s alpha to examine 
consistence of scores on the individual items that make up the Arabic ACE-R 
total scores and sub-scale scores.  For a test to be considered to have at least 
acceptable internal consistency, it has been suggested that Cronbach’s alpha 
should be at least 0.7 (Cronbach and Shavelson, 2004) 
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Relating to these analyses, the following hypotheses were tested:  
1. There will be significant positive correlation between ACE-R total and sub-
scales scores on each of the test occasions.  
2. There will be no significant difference in Arabic ACE-R total and sub-scale 
scores on each of the test occasions 
3. There will be no significant difference between scores on each of the three 
versions administered on the first test occasion.  
4. There will be a significant Cronbach’s alpha coefficient, of at least 0.7 or 
greater.  
6.3 Results 
Data from 452 participants was collected in total. Of those, 283 were healthy 
controls, 46 were participants with a diagnosis of MCI and 123 had a diagnosis of 
DAT. Basic demographic data are presented in Table 6.1. 
Table 6.1: Demographic data on illiterate participants 
 Healthy MCI DAT 
Number 283 46 123 
Gender  m/f 160/ 123 22/ 24 74/ 49 
Mean (S.D) age 60.84 (6.57) 62.61 (8.65) 65.46 (5.76) 
Handedness  L/R 62/221 9/37 18/105 
Table 6.1 presents results for parallel form correlational analysis on the Arabic ACE-
R scores for the whole sample (healthy controls and patients combined) and for 
healthy controls and patients separately. Correlations between scores on the two 
test occasions are presented. As the data were not normally distributed (see 
Chapter 5), spearman correlations were used.  
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Table 6.2: Results for parallel form correlations on the Arabic ACE-R Total 
and sub-scale scores. 
Arabic ACE-R Score Whole 
sample 
(n=452) 
Healthy 
controls       
(n-283) 
Patients 
(n=169) 
ACE-R Total Score .916** .692** .850** 
Attention & Orientation .733** .093 .839** 
Memory .812** .327** .835** 
Fluency .670** .345** .422** 
Language .638** .148* .393** 
Visuospatial .686** .748** .822** 
 
Table 6.2 presents data on median an interquartile ranges for the Arabic ACE-R 
total and subscales scores on each of the testing occasions. Table 6.3 then 
presents results from the analyses examining the differences between scores on 
the two testing occasions for the whole sample (healthy controls and patients 
combined) and for healthy controls and patients separately. 
Table 6.3 Median (and interquartile ranges) for the whole sample, healthy 
controls and patients on each of the testing occasions.  
Arabic ACE-R Score Whole sample 
(n=452) 
Healthy controls       
(n-283) 
Patients 
(n=169) 
ACE-R Total Score T1 
(Max=93) 
ACE-R Total Score T2 
(Max=93) 
72 (52.3-77) 
 
72 (52-77) 
76 (73-79) 
 
76 (73-78) 
46 (42.5-58) 
 
47 (42-59) 
Attention & Orientation T1 
(Max=18) 
Attention & Orientation T2 
(Max=18) 
12 (16-17) 
 
12 (16-17) 
17 (16-17) 
 
17 (16-17) 
10 (8-13) 
 
10 (8-13) 
Memory T1 (Max=26) 
Memory T2 (Max=26) 
22 (13.3-24) 
13 (21-23) 
23 (22-24) 
23 (22-24) 
10 (9-16) 
11 (9-16) 
Fluency T1 (Max=14) 
Fluency T2 (Max=14) 
5 (4-6) 
5 (4-6) 
6 (5-7) 
6 (5-7) 
4 (3-5) 
4 (3-4) 
Language T1 (Max=23) 
Language T2 (Max=23) 
20 (18-21) 
20 (18-21) 
21 (20-22) 
21 (20-21) 
17 (16-19) 
18 (17-19) 
Visuospatial T1 (Max=12) 
Visuospatial T1 (Max=12) 
8 (5-10) 
8 (5-10) 
9 (8-10) 
9 (8-10) 
5 (5-7) 
5 (5-7) 
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Table 6.4 Results of Wilcoxon tests on parallel forms for the Arabic ACE-R 
Total and sub-scale scores.  
 
Arabic ACE-R Score Whole 
sample 
(n=452) 
Healthy 
controls       
(n-283) 
Patients 
(n=169) 
ACE-R Total Score Z=-1.100 
p=0.271 
Z=-1.143 
p=0.253 
Z=-0.322 
p=0.747 
Attention & Orientation Z-=-0.768 
p=0.442 
Z=-0.487 
p=0.626 
Z=-.0.691 
p=0.489 
Memory Z=-1.577 
p=0.115 
Z=-1.578 
p=0.115 
Z=-.468 
p=0.640 
Fluency Z=-1.282 
p=0.200 
Z=-1.745 
p=0.081 
Z=-0.269 
p=0.788 
Language Z=-1.099 
p=0.272 
Z=-2.627 
p=0.009* 
Z=-1.129 
p=0.259 
Visuospatial Z=-2.132 
P=0.032 
Z=-2.396 
p=0.017* 
Z=-0.235 
p=0.814 
 
Table 6.5 presents data (median and interquartile range) for the three different 
versions of the Arabic ACE-R for the first and second administrations. Data are 
presented for Arabic ACE-R total scores and for the Memory subscale (as this is the 
one item that differs between versions). Results are presented for the whole 
sample.  Using Kruskal Wallis analysis there was no significant difference in the 
scores of the different versions used at Time 1 (Chi Squared = 0.035, df=2, 
p=0.983). At Time 2 there was a significant difference between the version (Chi 
Squared = 10.01, df=2, p=0.007). As memory is the one item that is different 
between the versions of the test, this item was examined separately. Again using 
Kruskal Wallis analysis, there was no significant difference in the scores of the 
different versions used at time 1 (Chi Squared =0.002, df=2, p=0.999) but again 
there was a statistically significant difference at Time 2 (Chi Squared = 7.383, df=2, 
p=0.025).   
Examination of Table 6.4 shows that medians for the sample were very similar for 
each version for Arabic ACE-R total and Memory subscale scores. The interquartile 
range data show that for Version C at Time 2, there was a slightly higher level of the 
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25th percentile point for both the Total and Memory scores. To examine the extent to 
which this might have impacted on reliability, parallel-form correlations were re-run 
on Arabic ACE-R Total scores with participants split into the three groups based on 
which version they had second. This showed that the parallel form correlations 
were: Version A second (rho=0.916, p<0.001), Version B second (rho=0.938, 
p<0.001), Version C second (rho=0.865, p<0.001). This suggest that there was a 
slightly lower reliability for those who had Version C second, but reliability levels 
nevertheless remained high. Interestingly when the participants were split by which 
version they had first there the parallel-form correlations were all very similar and all 
above 0.9: Version A first,  rho=0.923, p<0.001; Version B first,  rho=0.910, 
p<0.001; Version C first,  rho=0.913, p<0.001.  
Table 6.5 Median (interquartile range) score of each version of Arabic ACE-R 
administered at time 1 and time 2  
Arabic ACE-R score Whole sample 
(Time 1) 
Whole sample 
(Time 2) 
ACE-R Total score Version A 
(Max=93) 
72 (49.75 - 77.25) 72 (50  -  77) 
ACE-R Total score Version B 
(Max=93) 
72 (51.5 – 77) 73 (52 – 77) 
ACE-R Total score Version C 
(Max=93) 
73 (55.5 – 77) 72 (58 – 76) 
Memory score in Version A 
(Max=26) 
22 (11 -  24) 21 (11.75 – 23) 
Memory score in Version B 
(Max=26) 
21 (13 - 24) 22 (13.5 – 24) 
Memory score in Version C 
(Max=26) 
22 (15 – 23.5) 21 (16-23) 
 
Table 6.6 presents the results of the internal reliability analyses using the 
Cronbach’s alpha procedure in relation the 19 items that make up the total ACE-R 
score. Results are presented for the whole sample (healthy controls and patients 
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combined) and for healthy controls and patients separately. Results are presented 
for the test done at Time 1 and at Time 2   
Table 6.6 Cronbach’s alpha scores for Arabic ACE-R total and sub-scale 
scores 
Arabic ACE-R Score Whole 
sample 
(n=452) 
Healthy 
controls       
(n-283) 
Patients 
(n=169) 
ACE-R Total Score T1 
ACE-R Total Score T2 
.910 
.917 
.591 
.576 
.855 
.862 
Attention & Orientation T1 
Attention & Orientation T2 
.588 
.576 
.201 
.163 
.540 
.481 
Memory T1 
Memory T2 
.897 
.901 
.396 
.446 
.846 
..855 
Fluency T1 
Fluency T2 
.816 
.793 
.724 
.668 
.685 
.539 
Language T1 
Language T2 
.607 
.566 
-.079 
.136 
.341 
.322 
Visuospatial T1 
Visuospatial T2 
.516 
.565 
.398 
.434 
.233 
.416 
 
6.4 Discussion 
The results of the analyses in this study suggest that the Arabic ACE-R for illiterate 
participants is a reliable instrument.  As for the literate participants, three versions of 
the Arabic ACE-R were created for use with illiterate participants. These differed 
only in terms of the memory subscale items (name and address). As the memory 
subscale was administered in its entirety with the illiterate participants, this means 
that three parallel versions can be used for repeat assessments with illiterate 
participants.  
 
In this study reliability was examined in two different ways as parallel form reliability 
and internal consistency were tested. The Arabic ACE-R (Illiterate Version) total 
score was shown to have good parallel form reliability, with a correlation of 
rho=0.916 for the whole sample. For the separate sub-groups the correlations were 
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a little lower being rho=0.692 for the healthy controls and rho=0.850 for the patient 
group. The smaller correlation for the healthy controls would appear to be the result 
of a more restricted range of scores than those that were found for the patient group 
or the sample as a whole. This can be seen from the data presented in Table 6.3, 
which showed that the ACE-R interquartile range was limited, reflecting a ceiling 
effect in the healthy control group. This inevitably has an impact on correlations. 
However in the whole sample (and in the patient group alone) the range of scores 
was much wider and therefore the correlation coefficient gives a more accurate 
indication of the reliability of the test.  
 
For the subscale scores, correlations varied considerably with some being 
reasonable whilst others were very low. Of the 15 correlations examined (five 
subscales for the whole sample, healthy controls and patient groups) only four were 
greater that 0.8 (which is considered to be the minimum value required for a reliable 
measure (Field and Hole, 2003). However, once again it would appear that this was 
largely the result of a limited range of scores, particularly in the healthy controls. It is 
noteworthy that for the patient group, three subscales (Orientation & Attention, 
Memory and Visuospatial) had correlation coefficients that were greater than 0.8.  
 
As well as the correlation between Time 1 and Time 2 scores,  the differences 
between the scores for the two times were tested to determine whether there was 
any systematic increase or decrease in scores over time. For the Total scores there 
were no systematic changes evident, something which applied to the whole sample 
as well as for the healthy controls and patient groups individually. Thus there did not 
appear to be any practice effect evident. In relation to the subscale scores, most did 
not show significant differences over time. However two subscale scores, Language 
and Visuospatial did show a significant change. For the Language there was in fact 
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a very slight decrease in scores between the two testing occasions, but this was not 
sufficient to change the median score (means changed by 0.2 points) and hence 
this would not be of any clinical significance. For the Visuospatial subscale, there 
was a very slight increase in scores, but again this was not sufficient to impact on 
median and interquartile ranges (means increased by 0.2 points) and hence once 
again it appears that this does not represent a significant threat to the reliability of 
the scale.  
 
The other approach to examining reliability that was examined was internal 
consistency using Cronbach’s alpha (Cronbach and Meehl, 1955). For the Arabic 
ACE-R alpha was 0.910 in time 1 and 0.917 in time 2 which are considered 
excellent and consistent with the previous findings from previous ACE-R studies as 
noted in Chapter 4.  
 
For the subscales the alpha scores were more varied and some were relatively low 
though results were above 0.8 for both Memory and Fluency subscales. As noted in 
Chapter 4, in part, the wide range of alpha scores reflects the smaller number of 
items included in the subscales, with some tasks having small score ranges, 
reducing correlations and hence impacting on overall Cronbach alpha score.  
 
As was found for the Arabic ACE-R for literate participants, the version designed for 
use with illiterate participants appears to be sufficiently reliable for use for both one-
off assessments and repeat testing. However once again it was the Total score that 
proved to be most reliable. This is to be expected as the more items that contribute 
a score the more likely it is to be reliable. This has been found with other test 
batteries such as the Wechsler Adult Intelligence Scale (WAIS IV) where it is found 
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that Index Scores have higher levels of reliability that the individual subscale or 
subtest scores which contribute to the Index scores.  
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Chapter 7: Normave data for the Arabic Cognive 
Examination – Revised 
7.1 Introduction 
The previous four chapters of this thesis have provided evidence that the Arabic 
ACE-R is a valid and reliable tool for the assessment of cognition as one 
component of a broader diagnostic assessment for dementia process. It was shown 
that the tool could be used with both literate and illiterate participants. In both 
groups there were significant differences in the scores of those with a diagnosis of 
Mild Cognitive Impairment (MCI) or dementia of the Alzheimer’s type and healthy 
controls. Levels of both sensitivity and specificity were high and as a result cut-off 
scores could be identified for both literate and illiterate participants. It was noted 
however that one issue in relation to use of these cut-off scores is that the 
comparison groups were people with a clear diagnosis of MCI/dementia and healthy 
controls. It was emphasised too that numbers of people with MCI were relatively low 
and given the possibility that may people with dementia do not present to services 
until there is considerable impairment, this may account for the very clear 
separation of the groups in terms of the scores on the Arabic ACE-R. One 
possibility this raises is that the cut-off scores might be relatively low and as a result 
may not identify people with more mild impairment in the early stages of dementia.  
Another approach to identifying impairment on cognitive tests is to define 
impairment in terms of abnormality of scores. In fact this is the most common 
approach to defining impairment on cognitive tests as it is relatively rare for there to 
be very high levels of complete separation of clinical groups and healthy controls on 
tests of cognition. Level of abnormality can be represented in terms of standard 
scores (reflecting number of deviations away from the mean that a scores lies) or in 
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terms of percentiles (Crawford, 2012). Crawford (2012) makes a strong case that 
percentiles should play a central role in the interpretation of neuropsychological test 
scores (p132). In terms of level of abnormality it is most common to define 
impairment as scores below the 5th percentile of a normative sample. It is of course 
always important to remember that the 5th percentile means that five percent of 
healthy people scored at or below this level. But this level provides a reasonable 
compromise between the probability of false positives and false negatives in the 
interpretation of performance (Willmes, 2010). 
This chapter therefore presents normative data for the Arabic ACE-R, for both 
illiterate and illiterate populations. Cut-off points based on the fifth percentile are 
derived and reported for ACE-R total score and for each of the five sub-scale 
scores.   
7.2 Method 
7.2.1 Participants 
Data from two groups of healthy participants are reported. The first group, 
comprised 147 healthy literate participants (115 male; 32 female) and the second 
group consisted of 283 healthy illiterate participants (160 male; 123 female). These 
are the larger samples of participants from whom matched groups were selected for 
analysis in Chapters 3 and 5 and the same participants as were used for the 
reliability analyses in Chapters 4 and 6. Recapping briefly, participants were 50 
years old or over, were native speakers of Arabic, had adequate vision and hearing 
to complete the assessment, and no history of substance abuse (alcohol or drugs) 
or previous psychiatric disorders. Healthy Participants were recruited from the 
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
132 
 
Prince Salman Social Centre, Riyadh and from amongst family and friends of 
patients recruited for previously reported studies. 
As noted previously, ethical approval for the study was given by the University of 
Glasgow, Faculty of Medicine, Ethics Committee and approval was also obtained 
from each of the participating hospitals and the Prince Salman Social Centre. 
Participants were given a leaflet with information about the study. After reading the 
leaflet (or it being read to them) and being given the opportunity to ask any 
questions they may have had about the study, participants gave their consent to 
participation.  
The Arabic ACE-R was then administered for the literate sample as was detailed in 
Chapter 3 and as detailed in Chapter for the illiterate sample.  
7.2.2 Analysis 
The two complete samples consisted of 147 literate and 283 illiterate participants. 
Inspection of the data from these samples revealed that for some sub-scale scores 
there were outliers (defined as values that are more than 1.5 times the interquartile 
range away from the bottom or top of the interquartile range) and extreme cases 
(defined as values that are more than 3 times the interquartile range away from the 
bottom or top of the interquartile range). These were illustrated in Figures 3.2 - 3.7 
for the literate sample and in Figures 5.2 - 5.7 for the illiterate sample. Although the 
sample sizes were reasonably large, particularly for the illiterate sample, if one is 
identifying fifth percentile points, outliers and extreme cases may have a 
considerable influence on cut off points. For example in relation to the literate 
participants, 5% of the whole sample is just 7 people and so a small number of 
outliers might significantly affect the identification of a cut-off point. Whilst none of 
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the healthy participants had a neurological or psychiatric condition diagnosed it was 
possible that some did have some level of impairment but had not presented to 
services. Alternatively some participants may have misunderstood instructions or 
not fully engaged with particular components of the test. To address the possibility 
that outliers and extreme scores would skew cut-off scores, it was decided to 
exclude cases statistically identified as outliers or extreme cases. Whilst this raises 
the possibility that the full range of normal scores is not represented in the data, on 
balance it was considered safer to exclude these outliers.  
The procedure for removal of outliers was first to separate the groups into age 
bands. For the literate sample, two age bands (50-59 and 60+) are presented as the 
number of healthy controls over 70 years old was relatively small. For the illiterate 
sample, three age bands (50-59. 60-69 and 70+) are reported. For each subscale 
score boxplots were used to identify outliers and extreme scores using the age 
banded data. These scores were then removed from the relevant subscale score 
and given that they would also have an impact on total scores, the total score for 
each outlier/extreme score was also excluded.  
Data are therefore presented for ACE-R total scores and each of the sub-scale 
scores. Given that distributions of scores significantly deviated from a normal 
distribution, medians, interquartile ranges and 5% cut-off points are reported. 
Furthermore, given that it was established that age has an effect on Arabic ACE-R 
scores, data are presented for separate age bands. For the literate sample, two age 
bands (50-59 and 60+) are presented as the number of healthy controls over 70 
years old was relatively small. For the illiterate sample, three age bands (50-59. 60-
69 and 70+) are reported.  
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7.3 Results 
7.3.1 Literate sample - For the literate sample the process of removing outliers 
meant that a total of 127 participants were included. There were 21 women and 106 
men. There was no difference in the ACE-R Total scores for the women compared 
to the men (U=1060, p=0.730) so all participants are considered together. Table 7.1 
presents data for median, interquartile range and fifth percentile for the whole 
literate sample and for the two age groups separately for the Arabic ACE-R Total 
score and each of the sub-scale scores.  
It can be seen from Table 7.1 that there was a considerable difference in the Arabic 
ACE-R Total scores between the younger and older age bands, reflected in the 
medians, interquartile ranges and the fifth percentile cut off scores. To investigate 
this issue further the level of education of the participants in the two age bands was 
investigated because it was recognised that one of the major changes in Saudi 
society in recent decades has been the increase in levels of education. The 
importance of addressing level of education was highlighted in the study of 
Mathuranath et al. (2007), who found that level of education had a marked effect on 
the Malayalam version of the original ACE (M-ACE), with mean total M-ACE scores 
ranging from 42.8 for those with no education to 83.4 for those with more than 12 
years of education. Therefore, in the present sample the level of education achieved 
(which was coded on an 11 point scale ranging from no education to PhD level) was 
compared for the two age bands. A Mann Whitney test revealed a significant 
difference in level of education between the two groups (U=1480.5, Z= -4.843, 
p<0.001, r=0.399). Examining the impact of education further, if age and level of 
education are entered into a regression model with ACE-R total as the dependent 
variable, a significant model is obtained (adjusted r2 = 0.509) that includes both age 
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(β = -0.487; t= -7.175, p<0.001) and education (β = 0.370; t= 5.451, p<0.001). 
Consideration was therefore given to producing norms for the literate sample split 
by both age group and education level. However, even if education was just split 
into two levels, for some cells the numbers would be very low. Furthermore, 
examination of the data revealed that within each age band the difference between 
those with high and low education in terms of total ACE-R scores 5th percentile cut-
offs was small (1-2 points) and therefore it was not considered appropriate to divide 
the normative tables further by education.  
Table 7.1 Median, interquartile range and fifth percentile cut-offs for the 
literate sample 
  ACE Total 
(Max=100) 
Orient-
ation 
Memory  Fluency Language Visuo-
spatial 
Whole 
Sample 
Median 
IQR 
5% 
86 
82-90 
73 
18 
17-18 
14 
23 
22-2 
19 
7 
6-9 
4 
25 
24-25 
21 
13 
10-15 
6 
50’s Median 
IQR 
5% 
89 
87-92 
83 
18 
17-18 
16 
24 
23-25 
21 
7 
7-9 
4 
25 
24-25 
22 
14 
13-15 
9 
60+ Median 
IQR 
5% 
82 
77-86 
71 
17 
16-18 
13 
23 
21-24 
18 
7 
6-9 
4 
24 
23-25 
20 
11 
9-13 
6 
 
7.3.2 Illiterate sample - For the illiterate sample the process of removing outliers 
meant that a total of 265 participants were included. There were 115 women and 
150 men. A comparison of Arabic ACE-R total scores between men (Median = 78, 
Mean 76.96) and women (Median = 75, Mean 74.88) showed a modest, but 
significant difference (U=5617.5, p>0.001, r=0.30). Consideration was given to 
therefore presenting data broken down by gender in addition to age band. However, 
a potential problem with this approach is that it would mean that some of the 
subsets of data (e.g. men/women over 70 years) would be very small. Furthermore, 
an exploratory analysis of the fifth percentile cut off points for each age band for 
men and women separately revealed that there was no difference at all for the 60’s 
and 70’s age bands (albeit the result for the latter group must be tentative as 
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numbers were small), and for the 50’s there was a two point difference (71 versus 
73), with the figures being one point either side of the whole group fifth percentile 
point of 72 (see table 7.2). it was decided therefore not to break the data down 
further than by age band. Table 7.2 therefore presents data for median and 
interquartile range and fifth percentile points for the whole illiterate sample, and then 
broken down by age band, for the Arabic ACE-R Total score and each of the sub-
scale scores.  
Table 7.2 Median, interquartile range and fifth percentile cut-offs for the 
illiterate sample 
  ACE Total 
(Max=93) 
Orientation Memory  Fluency Language Visuospatial 
Whole 
Sample 
Median 
IQR 
5% 
76 
74-79 
69 
17 
17-18 
14 
23 
22-24 
19 
6 
5-7 
4 
21 
21-22 
19 
9 
8-10 
5 
50’s 
 
 
Median 
IQR 
5% 
 
77 
75-80 
72 
 
17 
17-18 
15 
 
24 
22-24 
20 
 
6 
5-7 
4 
 
21 
20-22 
19 
 
10 
8-11 
6 
60’s 
 
 
Median 
IQR 
5% 
 
76 
73-78 
69 
 
16 
16-17 
14 
 
23 
22-24 
19 
 
6 
5-7 
4 
 
21 
20-22 
19 
 
9 
8-10 
5 
70+ 
 
 
Median 
IQR 
5% 
 
73 
70-76 
66 
 
17 
16-17 
13 
 
21 
19-23 
16 
 
5 
5-6 
4 
 
21 
20-21 
18 
 
8 
6-9 
4 
 
7.4 Discussion 
This chapter has presented normative data for literate and illiterate participants, 
including for the whole of each sample as well as for differing age bands for each 
sample. It was noted in the introduction to this chapter that one concern with 
deriving cut-off points on the basis of sensitivity/specificity data when healthy 
controls are compared with patient groups is that cut-off points may have been 
lower than might be appropriate. It appears that this concern was justified in that 
cut-off points based on fifth percentile scores are somewhat higher than those 
based on sensitivity/specificity to diagnostic group. This is illustrated most clearly in 
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relation to the younger literate participants. As noted in Chapter 3, the cut off point 
based on sensitivity/specificity data for the under 60 group was 68. However, if a cut 
off is based on a fifth percentile score then it is 83, some 15 points higher. For the 
older group (60+ years) the difference in approaches was less dramatic, with the 
cut-off from sensitivity/specificity data being either 65 or 69 depending on which 
sensitivity/specificity measure is preferred, and 71 based on the fifth percentile. 
There was a considerable difference in cut-off point for the younger (50’s) and older 
(60+) groups. This highlights the importance of separating out the data by age 
band. This may of course simply be a reflection of the ageing process. However, the 
degree of impact of age in the literate group appears to be greater than was evident 
in the original English version (Mioshi et al., 2006). The result is not being 
accounted for by the wider age range of the 60+ group (which has an age range 
from 60 – 85) as if one runs the analysis just including participants in the 60-69 age 
range the fifth percentile cut off point is the same as for the whole 60-85 group. One 
possible explanation for the discrepancy between younger and older groups lies in 
the differences in level of education between the groups. Data analysis showed that 
the younger group had a considerably higher median level of education (their 
median being High School level) compared to the older group (whose median level 
of education was Intermediate, which is between Elementary and High School 
level). The most likely explanation for this discrepancy is a change in provision of 
education over recent decades in Saudi Arabia. As noted access to education has 
until recent years been relatively limited, particularly for women, but in the last few 
decades there has been a considerable cultural change in terms of expectations 
regarding level of education. Thus this difference may be representative of 
differences in education level amongst the wider Saudi population. However, 
another possibility is that the difference is down to differences in sampling. In 
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relation to where the groups differed in terms of cognitive domains, there was some 
difference across most of the domains, with the exception of verbal fluency. It is 
possible that higher levels of education provide greater familiarity with being 
examined on mental tests and perhaps more confidence in undertaking 
assessments of mental functioning which may result in higher scores. Alternatively 
differences in education may reflect differences in underlying cognitive ability in 
participants, which has inadvertently resulted from the sampling. One obvious issue 
this raises though is that the difference in cut-off between someone who is 59 and 
someone who is 60 is very large. This too has implications for participants who are 
being followed up and who might change age band during the course of a follow up 
period. This highlights the importance of being very cautious about the use of cut-off 
scores.  
In the present sample whilst there was an impact of education with the age bands, 
in terms of total points difference between those with higher and lower levels of 
education was relatively modest. This contrasts with the findings of Mathuranath et 
al., (2007) who found a very marked difference between those with the highest and 
lowest levels of education. However, the studies are not directly comparable as the 
Mathuranath et al. study was on a translated version of the ACE rather than the 
ACE-R, and Mathuranath et al. also included participants with no education (who 
were separated out in the present studies).  
For the illiterate sample, the cut-offs for the three age bands (50’s, 60’s 70+) based 
on sensitivity/specificity were 67/65/64. Based on fifth percentile scores they were 
72/69/66. So once again there was some discrepancy and this was most marked in 
the youngest groups, although not as great as for the literate sample. As for the 
literate sample, there were small differences across most of the domains apart from 
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fluency. If one compares scores for the literate and illiterate samples, then the 
difference is broadly consistent with the number of points that were unavailable for 
the illiterate group as a result of tests being excluded, though the illiterate group 
were a little further below this simple arithmetic difference - there were seven points 
not available to the illiterate group and in terms of the two samples as a whole there 
was a 10 point difference between medians. For the 50 year olds in each group 
there was a 12 point difference. In relation to the literate 60+ group, they were six 
points above the illiterate 60 year olds and nine points above the illiterate 70+ 
group. Broadly therefore the two groups appeared to be approximately similar in 
performance on tests that were included for both groups.  
In summary, this Chapter has presented normative data that may be used to 
supplement test interpretation. Previous validation chapters have derived cut-off 
scores based on sensitivity/specificity analysis, but this chapter highlights that those 
cut-off points may in fact lack sensitivity to earlier stages of dementia, something 
that is discussed in more detail in the next chapter. 
 
 
 
 
 
  
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
140 
 
 
 
 
 
 
CHAPTER 8 
 
General Discussion 
 
 
 
 
 
 
  
The Saudi Arabian Adaptation of the ACE-R              A. Al Salman (2013) 
141 
 
Chapter 8: General Discussion 
This thesis has described the development of an Arabic version of the ACE-R, 
presented four studies examining the validity and reliability of this tool with literate 
and illiterate participants and provided a set of normative data against which 
performance of people undergoing clinical assessment can be compared.  
In Chapter 2, the process of translation and adaption of the test was outlined. Much 
of the original test could be simply translated, but a number of tests required 
adaptation. This appears to be similar to the experience of a number of other 
researchers who have adapted the tool for use in different languages (e.g. Kwak et 
al., 2010; Yoshida et al., 2012). In that process it was noted that some tests were 
more challenging to adapt and the success of the adaptation would in part be 
determined by the extent to which the tool was successful in distinguishing 
participants with clinical conditions such as MCI or DAT from healthy controls. The 
evidence from the validation studies would suggest that this process was largely 
successful. However, some interesting issues arose during administration of the 
test. For example an issue arose with the retention of an orientation question 
regarding the season which is not as straightforward as in the UK where the test 
was originally developed.  In any subsequent revision of the Arabic ACE-R it might 
be appropriate to modify this item, either in terms of clarifying the scoring, or 
perhaps replacing it with an alternative (e.g. ‘what is the name of the next festival?’). 
With regard to the Language items which were amongst the most challenging to 
adapt, for the literate participants examined in Chapter 3 it was found that this 
subscale did show a difference between healthy controls and both participants with 
MCI and those with DAT, but did not distinguish between MCI and DAT. This is 
perhaps a little surprising in that MCI is primarily seen as a disorder of memory 
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whereas one might expect participants with dementia to have broader deficits 
including language problems. For the illiterate participants in Chapter 5, this was 
indeed the case as there was a significant difference between MCI and DAT 
patients on this subscale score (though their scores on the Language subscale 
obviously excluded the reading tasks). In this subscale there may have been some 
tasks that were too easy (e.g. Naming, on which most controls scored near ceiling) 
and others (e.g. Reading, for the literate participants) were too difficult  - only about 
a third of MCI patients and a third of AD patients and two thirds of controls could 
successfully read all five words. This perhaps implies that the task was quite 
demanding compared to the original English version. However, given the small 
number of MCI patients in this sample, it may be premature to change the reading 
task at this early stage of investigation. Furthermore, the focus of this research has 
been on MCI/DAT and not on conditions such as progressive aphasias or stroke, for 
which specific language disorders are more likely to be evident. Thus it may be 
appropriate to use the test with participants known to have specific language 
disorders to determine how useful it is before major modification.  
For the verbal fluency tasks (letter fluency and animal fluency) the same scoring 
system was used as for the original version of the ACE-R. The Arabic letter meem 
was selected as it is high frequency. Performance on the verbal fluency sub-scale 
was one of the least discriminating (between patients and controls) for both literate 
and illiterate samples. This contrasts with what Mioshi et al. (2006) and Yoshida et 
al., (2012) found, which was that fluency was more discriminating than 
attention/orientation, language and visiospatial subscales (comparing MCI with 
healthy controls). One possibility that was considered was that the task was too 
easy and hence many patients could perform as well as controls. There was some 
evidence that this was not the case as in both literate and illiterate samples there 
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was a wide range of performance (i.e. no apparent ceiling effect). Performance of 
the participants in this Arabic sample was below that for the original English version 
(Mean for Fluency sub-scale in Mioshi et al. 2006 was 11.9/14, in Yoshida et al. 
11/14  and in this sample for literate participants mean was 7.49/14 and for illiterate 
participants it was 5.89/14). However it is known that level of education affects 
performance on verbal fluency tasks in both English speakers (Crawford et al., 
1992) and Arabic speakers (Khalil, 2010) and given the wide range of education 
amongst the present samples, the lower overall performance is not surprising. 
However, this still does not explain why this task was not more discriminating 
between groups. It remains possible that because the high frequency letter meem 
was used, that patients were able to generate sufficient items to mean that they 
remained closer to the performance of controls than was the case for the groups in 
Mioshi et al.  or Yoshida et al., than perhaps might have been the case if a more 
demanding letter had been used. This could be examined in future studies.  
Returning to the primary validation studies, Chapters 3 and 5 presented data that 
suggest that the Arabic ACE-R is a sensitive and specific tool for the detection of 
cognitive impairment associated with MCI and DAT in both literate and illiterate 
participants. The development of a test that can be used with both literate and 
illiterate participants is particularly important for people in the Arabic-speaking 
world, where illiteracy rates remain high. The performance of both groups of 
participants was similar to each other and to performance of people on other 
language versions of the test, including the original version (Mioshi et al., 2006). For 
example, the data were skewed towards the top end of the score range, suggesting 
that for most people, at least most healthy controls, the test was relatively easy. 
This suggests that the test is not likely to be experienced as difficult which may 
make compliance with assessment better. In both literate and illiterate samples, cut-
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off scores with good sensitivity and specificity could be derived as there was good 
separation of the patient and control groups. However, some caution is necessary in 
relation to these cut-off scores. It was noted that for both literate and illiterate 
groups the numbers of patients recruited with a diagnosis of Mild Cognitive 
Impairment were relatively small. What this means is that the majority of influence 
on cut-off scores comes from the Alzheimer’s group. This in turn means that in 
these studies the main comparison was between clearly healthy people and clearly 
impaired people. Whilst this was an important first step in the validation of this test, 
further work is need to examine the performance of test with more patients with 
MCI, but in addition with patients who present to their doctor with complaints of 
memory or other cognitive problems. Many people who are concerned about their 
memory may in fact have psychological conditions such as depression or anxiety, 
and experience difficulties with memory and concentration in everyday life, but do 
not have dementia. The main task for memory clinics is perhaps to differentiate 
those with dementia from those with other, non-progressive conditions. Larner 
(2007) reported on use of the ACE-R in clinical practice in which he compared 
scores for patients diagnosed with dementia compared to those without (the latter 
group including people with a diagnosis of MCI, affective disorder and ‘purely 
subjective memory impairment’) and noted that whilst sensitivity of the original cut-
off scores was good, specificity was less good. This is not surprising in that people 
presenting at a memory clinic may have some memory impairment, but just not due 
to progressive conditions such as Alzheimer’s disease. When Larner adjusted the 
cut-off down, sensitivity remained high, and specificity improved considerably. Thus 
in relation to the Arabic ACE-R, it would be useful to examine sensitivity and 
specificity of the derived cut-offs in a typical sample attending clinics. Related to this 
issue, the normative data presented in Chapter 7 raise the opposite issue in that if 
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one derives cut-offs based on 5th percentile performance of healthy controls (an 
approach used in many cognitive assessment tools) the cut-off points are higher 
than those based on ROC analysis when patients are compared with controls. Once 
again, this finding suggests that further validation work is needed to examine 
performance of the Arabic ACE-R in relation to clinic samples that include people 
who present with complaints of memory difficulties but who do not have dementia. 
Furthermore, one of the original purposes of developing the ACE/ACE-R was to aid 
differential diagnosis of different forms of dementia. For the present studies with the 
Arabic ACE-R the original aim was to include patients with diagnoses other than 
Alzheimer’s, and examine the extent to which profiles of performance (e.g. similar to 
the VLOM ratio reported in the original studies (Mathuranath et al., 2000; Mioshi et 
al. 2006). However, it became clear very early in the recruitment process that the 
numbers of patients receiving diagnoses other than Alzheimer’s disease was very 
low and therefore it was decided to concentrate on just the MCI and Alzheimer’s 
disease groups. There are a number of potential reasons for this issue. One is that 
conditions such as fronto-temporal dementias, dementia with Lewy bodies etc. have 
lower incidence in Saudi Arabia. In the absence of epidemiological data this cannot 
be determined for sure, but seems unlikely given that levels of dementia in other 
parts of the Arab world would appear to be similar to, or higher than, other parts of 
the world. Other possibilities therefore are that patients present later to services 
such that they are less likely to present with relatively focal disorders that might be 
more likely to lead to diagnoses other than Alzheimer’s disease. Furthermore, in the 
absence of detailed, standardised neuropsychological evaluation tools it is likely to 
be more difficult to differentiate different forms of dementia (Snowden et al., 2011), 
and hence Alzheimer’s disease becomes the default diagnosis. One implication of 
this is that within the samples who participated in the present studies, it may have 
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been the case that some patients had forms of dementia other than Alzheimer’s 
disease, but this could not be determined. The use of a tool such as the Arabic 
ACE-R may contribute to more accurate diagnosis in the future. 
Apart from one small study of 21 participants with the Japanese ACE-R (Yoshida et 
al., 2012), to the best of our knowledge, test-retest reliability has not been examined 
in the ACE-R. Given that the ACE-R is very likely to be repeated with participants 
either for confirming diagnosis or monitoring change, it is vital that test-retest 
reliability is established. In Chapters 4 and 6, the test-retest (or more specifically 
parallel-form reliability) as well as internal reliability of the Arabic ACE-R for use with 
literate and illiterate participants was examined. The results suggested that the tool, 
in both its forms, had good reliability. It was noted that reliability is highest for the 
Total score, whereas for some of the subscale scores, reliability was lower. This 
finding suggests that one should be more cautious in interpreting sub-scale scores 
and particularly interpreting small changes from one test occasion to another. The 
finding of high reliability for the Arabic ACE-R Total score suggests that this score 
will be most useful for diagnostic purposes and particularly for monitoring change 
over time.  
As noted, Chapter 7 presented normative data for the Arabic ACE-R, with 
alternative cut-off points derived from 5th percentile points. Examination of the 
normative data highlighted that age and education both impacted on performance 
for the literate sample and age impacted on performance for the illiterate sample. 
For this reason age banded normative data were calculated. Education banded 
groups were not defined for the literate sample because sample sizes in each cell 
would drop to low numbers and because preliminary examination of the data 
suggested that within each age band education made only a small difference (a 
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couple of points). However, these findings once again highlight the importance of 
using cut-offs points with some caution.  
There are many challenges associated with the development of tools for the 
assessment of cognition in a cultural and linguistic context in which use of such 
tools is not well established. The approach adopted here was to adapt a tool 
developed in a Western, English-speaking, context for use in a Middle Eastern, 
Arabic-speaking, context. As has been highlighted throughout the thesis this brings 
many challenges given the differences between these contexts. The most obvious 
is the linguistic difference which means that not all items can be simply translated, 
but must take account of the form of the language (e.g. Arabic having few irregular 
words). However there are many more differences that are relevant. The 
educational and socioeconomic context is clearly relevant, leading of course to the 
need for versions of the test that can be used with illiterate participants. In relation 
to education, gender is also relevant given the large discrepancies in level of 
education between men and women. In addition to not being able to read, a more 
general unfamiliarity with being tested may impact on the performance of people 
with little exposure to formal education and this may affect performance in ways that 
have not been formally measured here. Cultural traditions relating to care of the 
elderly and infirm within the family context have also been highlighted as potentially 
relevant in meaning that patients may present to services relatively later than those 
in a Western context or there may be marked variations within the culture relating to 
socio-economic status or educational background in terms of when people present 
to services. When there are cultural, socioeconomic, ethnicity and gender factors 
that may impact on test performance, this means that such factors ideally need to 
be taken into account in relation to normative data, but this then places a great 
challenge on the numbers of people who must be tested so each relevant cell in a 
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table of norms must contain sufficient numbers of participants with which to 
compare. This places a significant burden on the process of collecting normative 
data. It is clear that these issues need to be addressed in future work, but are 
significant challenges for those developing tools for assessing cognition in new 
contexts.  
An alternative to the approach of adapting tests developed in another cultural and 
linguistic context would be to work from first principles within the target 
country/culture. This would be ideal perhaps, but is limited by the fact that there is 
also a lack of more basic research upon which to drive development of relevant 
assessment tools. For example, as discussed earlier, there is a lack of good 
epidemiological data on prevalence of dementia in the Middle East  (Karam and 
Itani, 2013; Ferri, 2006) and there is little work on detailed examination of how 
dementia presents in the Arab world (in part of course because of a lack of available 
tools). But further investigation of how cognitive and functional changes associated 
with dementia pathology manifest themselves would potentially lead to better, more 
culturally specific and therefore more sensitive assessment tools.   
The comparison groups in the studies examined here were people with a diagnosis 
of dementia or MCI, or healthy controls. Thus when comparing performance on a 
cognitive test, an assumption is made that differences in test performance are 
related to the presence/absence of dementia/MCI pathology. Now, it has been 
noted and discussed that factors such as education and age also have and known 
impact on test performance and hence were taken into account by matching groups 
when comparisons were being made or providing separate norms. However there is 
a range of other potential confounding factors that could potentially impact on 
cognition and which might have systematically differed between the groups 
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(potentially explaining some of the difference between groups). These include 
factors such as current medical illness such as cerebrovascular disease, current 
medication load, smoking status, carer depression, patient depression etc. Ideally, 
future research should attempt to measure important confounders to ensure group 
matching or use statistical analysis methods to control for them.  
The studies presented in this thesis therefore extend the evidence base that 
suggests that cognitive screening tools such as the ACE-R have a useful role to 
play in the assessment of people who may be experiencing dementia. Given that 
there has been only one very small previous study of the test-retest reliability of the 
ACE-R, also for a translated version (Yoshida et al. 2012), the reliability studies in 
this thesis add to the evidence relating to the psychometric properties of the ACE-R. 
Consistent with a number of other studies, the work presented in this thesis has 
demonstrated that the ACE-R can be adapted for use in a different linguistic and 
cultural context, but it has been clearly shown that adaption (and not just 
translation) was required, and culture-specific norms are particularly important given 
the overall differences in level of scoring between the Arabic ACE-R and the 
original. A particularly important contribution of the studies reported here is the 
evidence that the Arabic ACE-R can be used with people who are illiterate. Around 
the world, there are many countries with large numbers of people who are illiterate 
not as a result of intellectual disability but through lack of access to education. This 
group is very rarely considered in the neuropsychological literature which is 
dominated by studies in Western contexts. A small number of recent studies have 
begun to address this issue (e.g. Gómez et al., 2013; Yildiz et al., 2013) which is a 
positive development, though there are clearly many regions of the world where this 
remains a major issue, including in the Arab region.  
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8.1 Future research  
Throughout the thesis areas for future research have been identified. One of the 
most important of these areas is to examine the performance of the Arabic ACE-R 
in relation to diagnostic sensitivity and specificity (and positive and  negative 
predictive values) when used with more typical clinic samples comprising of patients 
with memory complaints arising from conditions other than dementia (particularly 
when there is no pathology evident). It should be remembered that a test such as 
the ACE-R tests cognition and not a specific pathology. Therefore if someone has 
impaired cognition arising from other neurological conditions such as head injury or 
stroke or from psychological conditions such as depression, it is quite likely that 
they will perform less well than healthy controls. A neuropsychological test alone 
cannot diagnose Alzheimer’s disease – diagnosis is dependent on a careful 
consideration of the patient’s history and other biological measures. However, the 
test does need to be able to contribute to distinguishing people with subjective 
complaints of memory difficulties (with no pathology) from those with memory (or 
other cognitive) impairment arising from organic pathology. The extent to which the 
test is useful in contributing to differential diagnosis (particularly distinguishing 
Alzheimer’s disease from fronto-temporal dementia and Lewy body dementia) 
based on profiles of sub-test scores also needs to be examined.  
Some minor modifications may be beneficial in improving the performance of the 
test. Modifications to the Orientation test (in relation to the question regarding the 
season) may be helpful. Some further examination of use of letters other than 
meem would be interesting. Further consideration could be given to words used in 
the reading test and this should be informed by literature, as it emerges, on the 
nature of language impairment in Arabic speakers with dementia.  
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Consistent with the original, the Arabic ACE-R has three parallel versions, though 
the only difference between the versions is the name and address test that 
contributes to the memory sub-scale The possibility of including alternative versions 
of some of the other tasks would also be useful in order to minimise possibilities 
practice effects or rehearsing of questions by patients between assessments. 
Finally, an updated version of the original English ACE-R has recently become 
available and referred to as the ACE-III, although validation/reliability data for this 
version are not yet published.  A small number of items in the ACE-R have been 
modified and consideration will therefore be given to the extent to which these 
modifications may also be relevant to the Arabic ACE-R.  
8.2 Conclusion 
The five studies in this thesis provide evidence that a version of the Addenbrookes 
Cognitive Examination – Revised, culturally adapted for application in Saudi Arabia 
appears to be valid and reliable instrument for the assessment of cognition in older 
adults who may be developing dementia. Further work is required to examine its 
use in the everyday clinical environment, but evidence suggests the tool may make 
a useful contribution to the early diagnosis of mild cognitive impairment and 
dementia.  
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